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FOREWORD 


The safe control of acute perioperative pain is most often a patient’s greatest 
concern and is often the treating physician’s highest priority. Consequently, it 
is no surprise that research into acute pain control and useful developments 
stemming from this research have occurred at an extremely rapid pace. The 
rapid pace of important developments in acute pain control requires that 
reviews of clinically relevant progress appear every few years to best enable 
the practicing anesthesiologist to control acute pain. This issue of Anesthesiology 
Clinics of North America covers the entire breadth of important intellectual and 
practical considerations in acute pain control. The discussions range from basic 
considerations such as pain receptors, pathways, mechanisms, measurement, 
physiology, and pathophysiology to the therapy of acute pain in every relevant 
hospital setting (e.g., intensive care, pediatric, obstetric, and other environ- 
ments) and from new techniques and drugs to the very important nursing care 
aspects and the diagnosis and treatment of complications. 

Dr. Alan Sandler is eminently qualified to be the guest editor of this issue of 
Anesthesiology Clinics on “Current Concepts in Acute Pain” because of his 
extensive and internationally recognized clinical, research, and teaching contri- ` 
butions. First and foremost, over the last decade Dr. Sandler has developed a 
clinical acute pain service and research unit at The Toronto Hospital, which 
has thrived and flourished in both respects. As a consequence of, and testimony 
to, the clinical care and research excellence of this service, special fellowship 
training in the management of acute pain at The Toronto Hospital is highly 
sought after by physicians desiring expertise in this area. Second, Dr. Sandler 
is very well funded, and presently, an extremely active and productive re- 
searcher in many aspects of acute pain control. He has published extensively 
in the best peer-reviewed journals on spinal cord trauma, alternative routes of 
opioid administration for acute pain control including transdermal therapeutic 
systems and epidural opioids, monitoring techniques of the safety of opioid 
administration, and physiologic assessment of the up regulation of the spinal 
cord. For just one example of the depth of his research, Dr. Sandler has been 
funded and has published separately major studies of epidural morphine, 
fentanyl, sufentanyl, and nalbuphine for the relief of postthoracotomy pain 
and after cesarean section. Third, he is a highly credentialed teacher having 
presented many research papers and lectures at numerous meetings as well as 
having organized meetings. He now serves as an external reviewer for several 
journals and funding agencies and is well admired and respected by The 


as 
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Toronto Hospital Residents and Fellows. This issue of Anesthesiology Clinics of 
North America on “Current Concepts in Acute Pain Control” is an outstanding 
contribution because of the timeliness and importance of the subject matter, 
and the credentials and expertise of the guest editor, Dr. Alan Sandler, 
guarantee the quality of the issue. 


JONATHAN L. BENUMOE, MD 
Consulting Editor 
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PREFACE 








Interest in all aspects of acute pain control is increasing very rapidly in the 
1990s, with anesthesiology playing a decidedly prominent role. Health-care 
workers now have available publications, workshops, and meetings around the 
globe devoted to acute and chronic pain control. With this intense scrutiny, it 
is not surprising that new information from studies relating to basic science, 
therapeutic modalities, and outcome is appearing virtually on a daily basis. 
The increasingly diverse techniques available to control acute pain effectively 
are being examined scientifically to determine which therapies are the most 
effective for each situation and to document complications and side effects. 
Much of this impetus has come from the formation of acute pain services, 
again primarily from anesthesiology departments, which have actively used 
the new acute pain therapies and provided extensive experience of the pros 
and cons of each form of treatment. Many of the authors who have contributed 
articles to this issue of Anesthesiology Clinics of North America are directors of 
acute pain services in their institutions and are thus able to provide us with - 
the benefit of both theoretic and practical experience in the discussions of their 
topics. The rapid change in experimental knowledge related to pain mechanisms 
prompted the inclusion of chapters related to receptors, neuropathways, and 
mechanisms as well as the physiologic consequences of tissue injury. The 
measurement of pain is also extensively discussed, as it is only by careful 
measurement of this subjective phenomenon that we will be able to continue 
to refine our methodology. The rest of the text provides articles relating to 
current and new pain control techniques as well as an evaluation of pain 
control in different patient populations. I hope this issue will provide useful 
information to its readers but more importantly continue to reinforce the 
leadership role anesthesiology has demonstrated in the understanding and 
treatment of acute pain conditions. 


ALAN N. SANDLER, MB, CHB, FRCPC 
Guest Editor 


Department of Anaesthesia 
Toronto General Hospital 

200 Elizabeth Street, GW2-502 
Toronto, Ontario 

Canada M5G 2C4 
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~ RECEPTORS, NEUROPATHWAYS, 
AND MECHANISMS 


M. Sosnowski, MD, PhD, P. Lebrun, MD, 
and L. Fodderie, MD 


THE ORIGIN OF PAIN 


The pain we perceive after a burn, bite, or pinch is readily 
identifiable but difficult to define because it is differently perceived at 
different thresholds by different individuals. In the normal human 
being, the identification of a sensation as being painful is a function of 
higher associative centers of the brain in response to afferences from 
the periphery. The term nociception is used to describe the neural 
response to stimuli potentially damaging to the individual. These 
nociceptive afferences are then interpreted and modulated according to 
motivational and cognitive factors,“ such as prior experience, level of 
attention, anticipation, or suggestion. Acute pain is thus a subjective 
sensation in response to objectifiable signals, the “psychical adjunct of 
a protective reflex” described by Sherrington in 1906.% However, before 
these afferences reach the brain and are recognized as painful, a 
considerable amount of processing has already taken place, both in the 
periphery and spinal cord. 


The Periphery 


Peripheral Receptors 


In 1838, Johannes Müller first proposed that the mechanisms 
subserving the different sensory modalities are distinct, so that the 
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same stimulus will produce a different sensation if applied to different 
types of nerves.” In 1894, Von Frey postulated the existence of specific 
receptors for pain projecting to pain centers in the brain, basing this 
theory on observations by Blix”? that the stimulation of discrete points 
on the skin did give rise to different sensations (touch, cold, warmth, 
or pain), and proposed free nerve endings as the histologic correlate of 
the nociceptor. However, the theory that pain is caused by the activation 
of specific receptors, the “doctrine of specific nerve energies” or 
specificity theory, was disputed by Goldscheider, who proposed that 
pain arises from excessive activity of any type of receptor by a central 
summation process. This led to the pattern theory of Nafe,** who 
proposed that pain is signalled by the temporal and spatial patterns of 
response of nonspecific receptors. However, neither of these two 
theories has adequately explained the experimental evidence that has 
been accumulated since the development of electrophysiologic tech- 
niques. 

Structures potentially capable of encoding nociceptive information 
are multiple. Two characteristics are necessary for a receptor to be 
classified as a nociceptor™: a threshold higher than that of low-threshold 
mechanoceptors or thermoceptors, and the ability to encode the inten- 
sity of noxious stimuli. In the 1960s, electrophysiologic recordings of 
single nerve fibers, notably by Perl,” * permitted the identification of 
subgroups of afferent fibers having these two characteristics.© ® "5 
Low, non-noxious stimulation intensities activate large-diameter (15-20 
ym) AB and Ao (in muscle) fibers, mediating epicritic sensation (pro- 
prioception, light touch, temperature discrimination). Stimulation at 
noxious intensities activates Ad (4 pm) and C (0.5 ym, unmyelinated) 
fibers, together forming the afferent pathway for protopathic (noxious) 
sensation. The existence of these two major systems of afferent fibers 
also has been distinguished at the spinal and cerebral levels,? but the 
distinction between epicritic and protopathic systems in the periphery 
is more functional than morphologic, because conduction velocities of 
certain nociceptors have been shown to be as high as 50 m/sec in 
monkeys,” indicating a degree of overlap between AB and Aŝ fibers. 
The activation by noxious stimuli of two different types of fibers (A& 
and C) could explain the double sensation of pain evoked in humans 
by a single short noxious stimulus: a rapid (0.1 second latency) pricking 
pain (first pain) carried by A& fibers, with conduction velocities of 5 to 
35 m/sec followed approximately 1 second later by a burning pain 
(second pain) mediated by C fibers (conduction velocity, 0.5-1.4 m/ 
sec). 

Single-unit recordings have permitted the identification of certain 
types of high-threshold receptors responding to specific stimuli. Me- 
chanonociceptors respond almost exclusively to excessive pressure 
(pinch or prick).” These receptors are most often innervated by Ad 
fibers. Uniquely heat-,’” cold-, or chemical-® specific receptors do exist, 
but seem to be rare. Mechanically insensitive afferents, also called 
“silent nociceptors” or “sleeping afferents,” are normally unresponsive 
to transient excessive stimulation, but become sensitive to mechanical 
stimuli in the presence of inflammation.* 7” ° However, the most 
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prevalent type of receptors are polymodal, responding to excessive 
pressure, temperatures above 42°C or below 18°C, and to the presence 
of algogenic substances. Within this vast population of receptors, 
several subtypes can be distinguished. Polymodal nociceptors inner- 
vated by A fibers are designated A mechanoheat receptors and have been 
further categorized into types I and II, depending on their response to 
heat stimuli.”* Type I receptors typically respond to higher temperatures 
(over 53°C) and have rapid conduction velocities. They are more 
prevalent on glabrous skin, as opposed to type II receptors, more 
prevalent in hairy skin. The threshold of activation of type Il A 
mechanoheat receptors is lower, and the latency between stimulus 
onset and activation is shorter than type I A mechanoheat receptors. 
This, and the fact that type II receptors have small (1-4 mm?) receptive 
fields compared with type I fibers (33-41 mm’), makes the former 
more likely to signal first pain. Second pain is signaled by C mecha- 
noheat receptors. Although the perceived level of pain is proportional 
to the initial discharge rate, their activity has not always paralleled the 
sensation of pain in human volunteers.’ * % The initial response to a 
high temperature applied to the glabrous skin of the hand rapidly 
adapts to a low level, while A mechanoheat receptors typically have 
the reverse response.” 

This classification is far from being strict. The range of response of 
these nociceptors is variable as is the nature of the stimuli that activate 
them. Further confusion is added by the phenomenon of sensitization. 
There are two categories of sensitization: peripheral sensitization of 
primary afferents and central sensitization of dorsal horn neurons. 


Peripheral Sensitization 


The specific nociceptors become responsive to a wider range of 
stimuli when stimulated repeatedly™ or in the presence of sustained 
stimulation of another type,* ” e.g., an Að mechanonociceptor can 
respond like a C mechanoheat receptor after thermal stimuli. 5 
Sensitization is marked by several changes: a lower threshold of 
activation; a shorter response latency; an increase in response to a 
given stimulus intensity; and the onset of spontaneous activity.” This 
phenomenon is a possible explanation for primary hyperalgesia, the 
decrease in pain threshold at the site of an injury.” 

Knowledge of the mechanisms of activation of nociceptors remains 
limited. Mechanical and thermal receptors are probably activated di- 
rectly by the stimulus. The activation of polymodal nociceptors is 
potentiated by a variety of substances (histamine, kinins, serotonin, 
prostaglandins, leukotrienes, adenosine triphosphate, Ht, K*, and so 
forth) that may act as intermediaries.*” * 4. * 68, 75,7 These substances 
have been shown to potentiate nociceptor response to other algogenic 
substances, and their presence is associated with the presence of C 
fibers and inflammation. 

The link between C fibers and inflammation is due to the secretory 
functions of these fibers, not always associated with reflex or sensory 
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effects.” In addition to an afferent volley on activation by local injury, 
peripheral C-fiber terminals release a variety of factors, creating a 
widening area of neurogenic inflammation.*” 7 ' This “axon flare” can 
equally be evoked by antidromic stimulation intense enough to activate 
C-fibers” 7” and is prevented by pretreatment with capsaicin, a neuro- 
toxin that is selective for neuropeptide-containing small-diameter fibers. 

The substance most prevalent in vesicles isolated from terminals 
of small diameter fibers, both centrally and peripherally, is the neuro- 
peptide substance P. Significantly, the inflammatory effects produced 
by C-fiber stimulation are replicated by peripheral administration of 
substance P analogues.” Substance P is not the only peptide found in 
unmyelinated sensory neurons: over a dozen peptides“ have been 
found in primary sensory neurons and may contribute to neurogenic 
inflammation. When natural stimuli activate fine afferents, substance P 
is probably released locally by an axon reflex; it induces a vasodilation 
and acts indirectly on nociceptors by eliciting mast cell degranulation, 
resulting in the release of histamine and serotonin” ® 1% and increased 
synthesis and release of other unstored mediators of inflammation, 
such as leukotrienes’ (Fig. 1). 

The effect of this release of proinflammatory agents is to sensitize 
adjacent nociceptors (secondary hyperalgesia), resulting in an increase 
in the spontaneous activity of some nociceptors that can produce 
membrane depolarization of dorsal horn neurons. Under these condi- 
tions, inputs at synapses that were ineffective under the normal 
conditions may be able to generate action potentials after sensitization. 

Nevertheless, this “cascade” of peripheral changes in sensitivity is 
too small to account for all the injury-induced alterations. Consequently, 
it appears that the inflammation process, together with an increase in 
afferent barrage, initiates some central changes (central sensitization) 
(Fig. 2). 


Clinical Applications 


As originally suggested by Lewis,” local application of Xylocaine 
(lidocaine) will stop the development of secondary hyperalgesia. 

As analgesic actions of anti-inflammatory agents (aspirin, indo- 
methacin) are due to their inhibitory effects on prostaglandin synthesis, 
antiserotoninergic and antihistaminic agents (that will antagonize no- 
ciceptors sensitization) may provide a novel approach to the production 
of new analgesic drugs. 

The presence of opioid and a,-receptors on the terminals of un- 
myelinated nerves also is of therapeutic importance.* ™ 1 102 The 
physiologic importance of these receptors is not quite clear at present, 
but it has been shown that peripherally applied opioids are analgesic® ” 
only in the presence of inflammation, indicating that they do not 
directly affect nociceptor function, but are involved in the modulation 
of processes related to the development of inflammation. The presence 
of adrenergic receptors on peripheral nociceptors is indicative of the 
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A Response to thermal stimuli 
Ý Threshold 


Peripheral sensitization 
4 Afferent barrage 


A Synaptic efficacy 
Central sensitization and/or 


Release of tonic inhibitions 


Figure 2. From peripheral injury to central sensitization: cascade of changes. 


role of sympathetic innervation on the function of nociceptors. Once 
again, these are important, not so much in the immediate reaction to a 
painful stimulus, but in states of enduring or chronic pain. 


Noncutaneous Nociceptors 


Although most of the studies concerning receptors to noxious 
stimuli have involved cutaneous nociceptors, pain arising from viscera, 
joints, or muscles is more commonly encountered in a clinical setting. 
The existence of specific nociceptors in these structures is now beyond 
doubt.” © 7% 107 Pain from muscles and joints is evoked by a variety of 
mechanical, thermal, or chemical stimuli, such as cutaneous pain, and 
is mediated by somatic nerves, resulting in a clearly perceived and 
well-localized sensation. Visceral pain is evoked by smooth muscle 
spasm, ischemia, inflammation, and other chemical stimuli as well as 
by mechanical stimuli such as distension or traction of the mesentery. 
However, burning, cutting, crushing, or other forms of serious injury 
are often indolent. In addition, visceral nociceptive fibers run in sym- 
pathetic and parasympathetic nerves, and the pain evoked by the 
activation of these fibers often has no precise localization.” Thus, the 
reason for visceral pain is less clear than for cutaneous or articular pain, 
which activates protective reflexes having undeniable survival value. 
Pain cannot be evoked from all viscera (e.g., brain), and it is not clear 
why specific nociceptors are present in certain organs (bile duct, heart, 
lung, testis) and only nonspecific receptors in others (e.g., colon). In 
addition, the density of innervation of viscera, especially the gastroin- 
testinal tract, is particularly low and accounts for the generally diffuse 
and poorly localized nature of abdominal pain. According to Cervero,” 
a population of nonspecific afferent fibers exists with a continuum of 
thresholds ranging from innocuous to noxious. Pain is evoked by both 
temporal and spatial summation at the spinal cord level as more and 
more of these receptors are activated. 
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The Dorsal Horn 


Organization 


The cell bodies of primary afferent fibers are located in the dorsal 
root ganglion and give rise to axons that enter the spinal cord through 
the dorsal roots. There is evidence for the existence of unmyelinated 
afferents in the ventral root, * ” a possible explanation for the 
occasional failure of posterior rhizotomy to relieve intractable pain. The 
axons are separated into contingents of large- and small-diameter fibers 
in the dorsal root entry zone, and the Ad and C fibers then pass into 
Lissauer’s tract, where they may rise or descend as much as three 
levels before entering the dorsal horn. The cytoarchitecture of the spinal 
gray matter was first defined by Rexed,” who distinguished 10 lamina, 
the first six making up the dorsal horn. Collaterals from C fibers 
terminate almost exclusively in laminae I and II, the most peripheral. 
Lamina II is the substantia gelatinosa, and the dense terminations of 
both C and Aè fibers in this zone is one of the reasons why it is 
considered to be the primary site of nociceptive afferent processing.™ 
Aé fibers terminate both in the most superficial parts of the dorsal 
horn, laminae I and II, and in lamina V. Electrophysiologic studies 
have shown that lamina V cells respond to both low- and high-threshold 
mechanoreceptors. In addition to lamina V, the major terminal area for 
nonnociceptive afferences is in laminae III and IV. Once these large- 
diameter fibers reach lamina IV, many give off collaterals that turn back 
to terminate in laminae II and IIL. 

This pattern for cutaneous afferences is not shared by deeper 
structures. Nociceptive afferents from muscle” (type III and IV fibers) 
and viscera* have been shown to project on lamina I, then on laminae 
V and VI, with few or no projections in between. Afferences from the 
gastrointestinal tract are carried almost exclusively by sympathetic 
nerves” to the sympathetic chain, and from there into spinal cord from 
T1 to L2. Afferences from bladder and genitalia enter the cord via the 
sacral plexus, at S2 to $4.° The vagus nerve contains a large contingent 
of C fibers from thoracic viscera that have been shown to terminate in 
the nucleus of the solitary tract in the brain stem. Contrary to 
cutaneous afferences, muscular, articular, and visceral inputs are not 
organized somatotopically and are widely distributed up and down the 
cord. Although the total number of visceral afferents is small (approx- 
imately 10% of total afferents), they activate a large number of spinal 
neurons, indicating extensive divergence. 

Two major classes of neurons responding to nociceptive stimuli 
have been identified in the dorsal horn. Nociceptive-specific neurons 
have no background activity and do not respond to gentle mechanical 
or thermal stimuli. These neurons are most abundant in lamina I, where 
they are organized somatotopically.* "+ Their receptive fields are 
discrete and vary from one to several square centimeters,” ™* The 
effectiveness of a stimulus varies over different parts of the field, the 
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central area being the most sensitive. However, the ability of these cells 
to encode the intensity of noxious stimulation seems weak. Wide 
dynamic range (WDR) neurons, also called nociceptive nonspecific, or 
convergent neurons,” receive AB-, Ad-, and C-fiber afferences. They 
are the most prevalent cells in the dorsal horn and can be found in all 
laminae, although they are most dense in lamina V. In contrast to cells 
that respond uniquely to innocuous or nociceptive afferences, these 
cells respond to a wide range of stimuli in a graded manner, increasing 
their rate of firing exponentially% from gentle touch or low heat to 
noxious pinch or temperatures over 50°C. Their receptive fields are 
usually larger than those of nociceptive-specific neurons, varying from 
the area of a digit for neurons having distal fields to most of a limb for 
the more proximal. The different parts of the receptive field are again 
differentially sensitive. The central area is sensitive to both innocuous 
and noxious stimuli and the peripheral area to noxious stimulation 
only.” In addition, an inhibitory zone adjacent to the primary receptive 
field has been described.’* ** 1%, 110 Although nociceptive-specific cells 
receive some visceral afferents, there is a much larger degree of 
viscerosomatic convergence on WDR neurons, which may contribute 
to the phenomenon of referred pain. 

The significance of these two populations of nociceptive neurons 
is not quite clear. The exclusive nature of the input to nociceptive- 
specific neurons, as well as their small well-localized receptive fields, 
would indicate a role in the sensory-discriminative aspect of pain 
sensation. WDR neurons have better intensity coding and a higher 
degree of convergence, indicating a possible role in causing reflex 
modulations of a wide variety of bodily functions in reaction to pain 
by the extraction of certain modalities subserving higher integrative 
processes. However, the involvement of WDR neurons in sensory- 
discriminative processing is equally likely and no hard and fast distinc- 
tion between the functions of the two types of neurons can yet be 
asserted. 


Spinal Afferent Processing 


The specificity and pattern theories of pain sensation were recon- 
ciled by the gate control theory of Wall and Melzak® ™ in 1965. They 
proposed that ascending dorsal horn neurons (T cells) receive not only 
peripheral excitatory afferences from small diameter fibers, but also are 
subject to facilitation or inhibition by other peripheral and supraspinal 
structures, mediated by cells in the substantia gelatinosa. The trans- 
mission of nociception toward the brain is thus a balance between these 
excitatory and inhibitory influences, and pain results when there is an 
excess of nociception. It is now well established that activation of large- 
diameter afferent fibers is capable of inhibiting or suppressing the 
activity of WDR neurons. These effects are segmental and are localized 
within the substantia gelatinosa, where the majority of C fibers termi- 
nate. Large-diameter fibers connect with interneurons having axoden- 
dritic, dendroaxonic, axoaxonic synapses on lamina I and II neurons, 
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permitting both presynaptic and postsynaptic” modulation of the affer- 
ent volley. 

The processing of all afferent information in the dorsal horn is 
subject to ongoing modulation by a variety of local terminal systems, 
the cell bodies of which are found in the spinal cord (intrinsic) or in 
the brain stem (bulbospinal systems). Electrophysiologic studies have 
shown that such systems can powerfully modulate the encoding of 
high-threshold information. 

Several receptor systems have been shown to modulate the spinal 
processing of nociceptive input, e.g., opioids (p, 5, K), a,-adrenergic, 
serotonergic, y-aminobutyric acid (GABA), and adenosinergic recep- 
tors.’ 

Current evidence suggests that the receptor classes outlined pre- 
viously are essentially independent, although they may exist on the 
same cell membrane and act through the same family of K* channels. 

For the p, 8, a, GABA,, 5-HT, muscarinic, and A, adenosinergic 
receptors, agonist occupation results in a prominent increase in K* 
conductance, which is mediated by a G i/o protein.® 

In addition to these segmental controls, LeBars et al” have shown 
that WDR neurons recorded in the lumbar dorsal horn are inhibited by 
frankly noxious stimuli applied to other noncontiguous areas of the 
body. These diffuse noxious inhibitory controls have been demonstrated 
on all spinothalamic and trigeminothalamic neurons* and are activated 
by visceral” as well as cutaneous afferences. Diffuse noxious inhibitory 
controls are supraspinal reflexes mediated by nuclei in the brain stem.” 


Central Sensitization 


Brief afferent-conditioning stimuli have recently been shown to 
induce prolonged changes in the receptive fields’ properties of dorsal 
horn neurons.“ These changes include both expansions in the size of 
receptive fields and a change in the types of stimuli that activate these 
cells. In fact, the receptive fields of many dorsal horn neurons also 
contain a subliminal zone of functional activity. When peripheral injury 
activates high-threshold afferents, they recruit the subliminal compo- 
nents of the receptive fields to a level where they become suprathres- 
hold.® This phenomenon is due to long-lasting changes in the spinal 
cord and is called central sensitization (Fig. 3). What are the mechanisms 
behind this central sensitization? Peripheral injury stimulates A8-C fiber 
afferents, producing a fast transmitter-mediated excitatory input to 
dorsal horn neurons. L-Glutamate is likely to be involved in this fast 
excitatory postsynaptic potential by acting on N-methyl-D-aspartate 
(NMDA) or more probably on the Kainate/quisqualate (non-NMDA) 
receptors. The excitatory postsynaptic potentials will induce a short 
duration inward current. Simultaneous release of peptides like sub- 
stance P or calcitonin gene-related peptide (co-released from the same 
terminal as the fast transmitters) produce a slow excitatory potential 
that induces further inward currents. The slow excitatory potential will 
remove the voltage-sensitive Mg** block of the NMDA-activated chan- 
nel and provide the opportunity for temporal summation (Fig. 4). 
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Figure 3. Central sensitization. A, The receptive fields of the dorsal horn neurons contain 
a subliminal zone of functional activity (white area) surrounding the “basal” receptive field 
(gray area). B, After peripheral injury, the high-threshold afferents (C fibers) recruit the 
subliminal components of the receptive fields to a level where they become suprathreshold. 


Importantly, NMDA receptors are not only involved in the induction 
but also in the maintenance of the central sensitization."* A character- 
istic of WDR neurons is the phenomenon of “wind up,” a progressive 
increase in response to repeated C-fiber stimulation. This correlates 
with reports of increasing pain sensation with repetitive stimulation in 
humans.” Furthermore, these cells continue firing after the termination 
of C-nociceptor activity (postdischarge), in agreement with reports that 
the sensation of burning pain persists longer than the discharge of C 
nociceptors.” 

On the other hand, the changes in second messengers may modify 
excitability for prolonged periods by phosphorylating ion channels or 
altering gene expression.” 


Clinical Applications 


The clinical significance of central sensitization lies in the following 
therapeutic predictions: 

If the signal of peripheral injury were prevented from gaining 
access to the CNS, pain would be diminished. In order to prevent the 
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Figure 4. Mechanisms of central sensitization. C fiber afferents produce a fast transmitter 
{L-glutamate) excitatory input to (non) NMDA receptors of dorsal horn neurons, inducing a 
short-duration inward current. From the same terminal, simultaneous release of peptides, 
such as substance P (and/or one of the 20 peptides found in primary sensory neurons), 
produce a slow excitatory potential that induces further inward currents. The slow excitatory 
potential removes the Mg** block of the NMDA-activated channel, providing the opportunity 
for temporal summation (wind-up). Large-diameter fibers (Aa®) are involved in the mainte- 
nance of central sensitization through excitatory input on (non) NMDA receptors. For further 
explanation, see text. 


afferent barrage to produce the central sensitization, two approaches 
can be used. The use of local anesthetics before surgical intervention 
has been found to reduce postoperative pain when compared with the 
use of a general anesthetic without local block at the site of injury. 
Opiate premedication increased the time to first request for postopera- 
tive analgesia in patients having orthopedic surgery.” 

If an abnormal hyperexcitable state is already present (hyperalgesia, 
allodynia) the use of NMDA antagonists will be useful. Moreover, 
compared with opioids, NMDA antagonists (ketamine) show a potential 
role in preemptive analgesia.” 


Afferent Pathways 


The anterolateral ascending tracts have long been known to contain 
the major pathway for transmission of nociceptive information from 
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the dorsal horn to the brain. Anterolateral cordotomy was the standard 
neurosurgical procedure for intractable pain, and the success of this 
operation was considered to be due to the section of the spinothalamic 
tract, the most clearly associated with pain sensation. Although this 
tract is a major pathway to the brain, it has become evident that the 
anterolateral quadrant contains a variety of other tracts involved in 
nociception, and that there are tracts transmitting nociceptive infor- 
mation in other quadrants, explaining the dissipation and occasional 
failure of cordotomy. 

Spinothalamic tract neurons are located for the most part in laminae 
IV to VI of the dorsal horn, but also in the intermediate zone (lamina 
VII) and the ventral horn (lamina VIII)." The axons cross the midline 
at the level of the anterior commissure of the same segment as the cell 
bodies. They terminate mainly in four nuclei of the thalamus: the 
ventroposterolateral, posterior, central lateral, and submedius areas.* 
These areas are also in part the termination site of dorsal column nuclei 
and can be expected to send information to the sensory-motor cortex, 
much like the dorsal column pathway. 

The reticular formation, which controls the level of arousal, has 
been shown to play an important part in nociception." * Although not 
involved in the sensory-discriminative aspect of pain sensation, the 
reticular formation and its nuclei are thought to contribute to the 
triggering of pseudoaffective reflexes associated with nociception.’* 
The characteristics of the spinoreticular tract are less well established 
than those of the spinothalamic tract, and there are no studies on the 
origin of the tract in humans. In monkeys, the spinoretricular tract 
neurons are located mostly in laminae VII and VIII.* *" *” @ Retrograde 
tracing by unilateral injection of horseradish peroxydase in the medul- 
lary reticular formation labels cells bilaterally at the super cervical 
level.” In the lower cervical and lumbospinal cord, cells are more 
frequently labeled contralaterally. The spinoreticular tract projects 
largely onto the bulbopontine reticular formation nuclei, notably the 
nucleus gigantocellularis and nucleus raphe magnus. Stimulation of the 
nucleus raphe magnus in animals results in profound depression of 
dorsal horn neurons,” indicating a role in the descending tonic inhibi- 
tory system. The spinoreticular tract also shows dense projections onto 
the lateral reticular nucleus, a relay to the cerebellum, whose role in 
nociception has not yet been established. 

The spinomesencephalic tract is a direct connection to the midbrain 
reticular formation, yet is organized differently than the spinoretricular 
tract of which it is sometimes considered an extension. The spinome- 
sencephalic tract neurons are dispersed throughout the spinal gray 
matter, both dorsal and ventral horns. A large contingent of fibers 
originating in the dorsal horn are from lamina I neurons.® % %10 Their 
axons often cross the midline, but a nonnegligible direct component is 
present in the midbrain. This tract projects onto the periaqueductal 
gray matter, an area important in the control of nociception. Stimulation 
of the periaqueductal gray matter results in analgesia and has been 
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tried as a treatment for chronic pain in humans. This stimulation- 
induced analgesia is partly reversible by naloxone, indicating a role in 
a descending opioidergic pathway. However, the periaqueductal gray 
matter has no direct projections to the spinal cord. The antinociceptive 
effect is achieved by activation of the nucleus raphe magnus. 

Painful stimuli have also been shown to activate hypothalamic 
neurons.® Retrograde tracing techniques in the monkey have identified 
a direct nociceptive connection to the hypothalamus and forebrain, 
regions believed to be involved in the elaboration of emotional behav- 
iors. These spinohypothalamic and spinotelencephalic tracts“ have the 
same origin as the spinothalamic tract, with the addition of neurons 
from an area adjacent to the central canal. A large contingent (40%) of 
spinohypothalamic tract fibers go on to terminate on the ipsilateral 
forebrain. , 

The spinocervical tract is a pathway in the dorsal part of the spinal 
cord that may play a role in nociception. Once again, there are no 
studies on the origin of this tract in humans; however, in monkeys, it 
originates mainly from lamina IV dorsal horn neurons.” ” ® The 
axons descend in the ipsilateral dorsolateral quadrant and terminate in 
the lateral cervical nucleus. From this, nucleus fibers then cross the 
midline to terminate on the ventrobasal complex of the thalamus, where 
they overlap the terminations of the spinothalamic tract and dorsal 
column nuclei.® °? 

Although the dorsal columns are primarily responsible for the 
transmission of tactile and proprioceptive information from primary 
afferent AB fibers, there exist postsynaptic fibers originating from the 
medial part of the ipsilateral dorsal horn.” These secondary neurons, 
localized for the most part in laminae III and IV, have dendrites 
extending dorsally up to the substantia gelatinosa,” suggesting their 
activation by unmyelinated afferents. Electrophysiologic studies have 
shown that these neurons are activated by nociceptive stimuli, and that 
there exist nociceptive nonspecific neurons in the nuclei of Goll and 
Burdach that project to the thalamus. However, a section of the dorsal 
columns does not seem to affect nociceptive thresholds, and the role 
of these neurons is not yet clear. On the other hand, dorsal column 
stimulation by epidural electrodes does have therapeutic effects, and 
the resulting analgesia may be produced by the inhibitory: action of the 
collaterals given off by large-diameter fibers along the length of the 
dorsal column or by retrograde activation of dorsal horn neurons. 


SUMMARY 


In this article, we have reviewed the different stages of acquisition 
and processing of nociceptive information from peripheral receptor to 
brain and underline the plastic changes that accompany tissue injury. 

For instance, the subclassification of peripheral receptors in noci- 
ceptors and non-nociceptors (e.g., mechanoreceptors, thermoreceptors). 
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must be understood in light of peripheral sensitization. This phenom- 
enon is the probable explanation for primary hyperalgesia, the decrease 
in pain threshold at the site of injury. 

The observation that substance P enhances NMDA-elicited re- 
sponses suggests that these two receptor systems may operate in 
concert to prolong and amplify the afferent input generated by periph- 
eral tissue injury. Such afferent barrage induces a state of central 
sensitization. 

In this phenomenon, the subliminal zone of the receptive fields of 
many dorsal horn neurons becomes suprathreshold. These peripheral 
and central sensitizations probably induce permanent changes in central 
circuits associated with some chronic pain states. 

In fact, it is tempting to extrapolate from Bach et al’ that preventive 
treatment of acute pain will prevent the development of chronic pain 
syndromes in surgical patients. 
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MEASUREMENT OF PAIN 


Joel Katz, PhD, and Ronald Melzack, PhD 


Pain is a personal, subjective experience influenced by cultural 
learning, the meaning of the situation, attention, and other psycholog- 
ical variables. Pain processes do not begin with the stimulation of 
receptors. Rather, injury or disease produces neural signals that enter 
an active nervous system that (in the adult organism) is the substrate 
of past experience, culture, anxiety, and depression. These brain proc- 
esses actively participate in the selection, abstraction, and synthesis of 
information from the total sensory input. Pain, then, is not simply the 
end product of a linear sensory transmission system; rather, it is a 
dynamic process that involves continuous interactions among complex 
ascending and descending systems. 


DIMENSIONS OF PAIN EXPERIENCE 


Research on pain, since the beginning of this century, has been 
dominated by the concept that pain is purely a sensory experience. Yet 
pain also has a distinctly unpleasant, affective quality. It becomes 
overwhelming, demands immediate attention, and disrupts ongoing 
behavior and thought. It motivates or drives the organism into activity 
aimed at stopping the pain as quickly as possible. To consider only the 
sensory features of pain and ignore its motivational-affective properties 
is to look at only part of the problem. Even the concept of pain as a 
perception, with full recognition of past experience, attention, and 
other cognitive influences, still neglects the crucial motivational dimen- 
sion. l i 
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These considerations led Melzack and Casey” to suggest that there 
are three major psychological dimensions of pain: sensory-discrimina- 
tive, motivational-affective, and cognitive-evaluative. They proposed 
that these dimensions of pain experience are subserved by physiologi- 
cally specialized systems in the brain. Melzack and Casey“ proposed 
that the sensory-discriminative dimension of pain is influenced primar- 
ily by the rapidly conducting spinal systems. The powerful motivational 
drive and unpleasant effects, characteristic of pain, are subserved by 
activities in reticular and limbic structures that are influenced primarily 
by the slowly conducting spinal systems. Neocortical or higher central 
nervous system (CNS) processes, such as evaluation of the input in 
terms of past experience, exert control over activity in both the discrim- 
inative and motivational systems. 

It is assumed that these three categories of activity interact with 
one another to provide perceptual information on the location, magni- 
tude, and spatiotemporal properties of the noxious stimuli, motivational 
tendency toward escape or attack, cognitive information based on past 
experience, and probability of outcome of different response strategies.” 
All three forms of activity could then influence motor mechanisms 
responsible for the complex pattern of overt responses that characterize 
pain. 


THE LANGUAGE OF PAIN 


Clinical investigators have long recognized the varieties of pain 
experience. Descriptions of the burning qualities of pain after peripheral 
nerve injury, or the stabbing, cramping qualities of visceral pains 
frequently provide the key to diagnosis and may even suggest the 
course of therapy. Despite the frequency of such descriptions and the 
seemingly high agreement that such adjectives are valid descriptive 
words, studies of their use and meaning are relatively recent. 

Anyone who has suffered severe pain and tried to describe the 
experience to a friend or to the doctor often finds himself or herself at 
a loss for words. The reason for this difficulty in expressing pain 
experience is not because the words do not exist. As we shall soon see, 
there is an abundance of appropriate words. Rather, the main reason 
is that, fortunately, they are not words that we have occasion to use 
often. Another reason is that the words may seem absurd. We may 
use descriptors such as splitting, shooting, gnawing, wrenching, or 
stinging, but there are no external objective references for these words. 
If we talk about a blue pen or a yellow pencil we can point to an object 
and say “that is what I mean by yellow” or “this color of the pen is 
blue.” But what can we point to to tell another person precisely what 
we mean by smarting, tingling, or rasping? A person who suffers 
terrible pain may say that the pain is burning and add that “it feels as 
if someone is shoving a red-hot poker through my toes and slowly 
twisting it around.” These “as if” statements are often essential to 
convey the qualities of the experience. 
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If the study of pain in people is to have a scientific foundation, it 
is essential to measure it. If we want to know how effective a new drug 
is, we need numbers to say that the pain decreased by some amount. 
Yet, while this is important to know, we also want to know whether 
the drug specifically decreased the burning quality of the pain, or if 
the especially miserable, tight, cramping feeling is gone. 


APPROACHES TO THE MEASUREMENT OF PAIN 


Until recently, the methods that were used for pain measurement 
treated pain as though it were a single unique quality that varies only 
in intensity.2 These methods include the use of verbal rating scales 
(e.g., mild, moderate, severe), numerical rating scales (1-100), and 
visual analogue scales (VAS).** * These simple methods have all been 
used effectively in hospital clinics and have provided valuable infor- 
mation about pain and analgesia. The visual analogue pain scale% and 
the McGill Pain Questionnaire” have been used extensively in clinical 
settings. The Descriptor Differential Scale” has been used mainly in 
studies of experimental pain, but has recently been extended to pain 
measurement in a clinical setting.” These three instruments offer several 
advantages over other self-rating scales. 


Visual Analogue Scales 


The VAS provides a simple, efficient, and minimally intrusive 
measure of pain intensity that has been used widely in clinical and 
research settings where a quick index of pain is required and to which 
a numerical value can be assigned. The VAS consists of a 10-cm 
horizontal” or vertical” 7° line with the two endpoints labeled “no 
pain” and “worst pain ever” (or a similar verbal descriptor representing 
the upper pole). The patient is required to mark the 10-cm line at a 
point that corresponds to the level of pain intensity he or she presently 
feels. The distance in centimeters from the low end of the VAS and the 
patient’s mark is used as a numerical index of the severity of pain. 

The VAS is sensitive to pharmacologic and nonpharmacologic 
procedures that alter the experience of pain” ®© ™ % and correlates 
highly with pain measured on verbal and numerical rating scales. 1”  ® 
Instructions to patients to rate the amount or percentage of pain relief 
using a VAS (e.g., following administration of a treatment designed to 
reduce pain) may introduce unnecessary bias (e.g., expectancy for 
change and reliance on memory), which reduces the validity of the 
measure.” It has been suggested,° therefore, that a more appropriate 
measure of change may be obtained by having patients rate the absolute 
amount of pain at different points in time (e.g., before and after the 
intervention, but see Ekblom and Hansson”). 

A major advantage of the VAS as a measure of sensory pain 
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intensity is its ratio scale properties.® ” In contrast to many other pain 
measurement tools, equality of ratios is implied, making it appropriate 
to speak meaningfully about percentage differences between VAS 
measurements obtained either at multiple points in time or from 
independent samples of subjects. Thus, ratio statements may be made 
that describe pain in one group of patients as being several times that 
of another or as being reduced by a certain percentage. The ratio scale 
property of the VAS also means the measurements are suitable for 
description using parametric statistics (such as the mean, standard 
deviation, and Pearson product-moment correlation coefficient) and are 
amenable to parametric inferential statistical procedures (such as anal- 
ysis of variance and regression analysis). Other advantages of the VAS 
include (1) its ease and brevity of administration and scoring,” (2) 
minimal intrusiveness, and, (3) providing that adequately clear instruc- 
tions are given to the patient, its conceptual simplicity.® ” 

The major disadvantage of the VAS is its assumption that pain is 
a unidimensional experience. ” Although intensity is, without a 
doubt, a salient dimension of pain, it is clear that the word pain refers 
to an endless variety of qualities that are categorized under a single 
linguistic label, not to a specific, single sensation that varies only in 
intensity. Each pain has unique qualities. The pain of a toothache is 
obviously different from that of a pinprick, just as the pain of a coronary 
occlusion is uniquely different from the pain of a broken leg. To 
describe pain solely in terms of intensity is like specifying the visual 
world only in terms of light flux, without regard to pattern, color, 
texture, and the many other dimensions of visual experience. 


The McGill Pain Questionnaire 


Development and Description 


Melzack and Torgerson® have made a start toward specifying the 
qualities of pain. In the first part of their study, physicians and other 
university graduates were asked to classify 102 words, obtained from 
the clinical literature, into small groups that describe distinctly different 
aspects of the experience of pain. On the basis of the data, the words 
were categorized into three major classes and 16 subclasses (Fig. 1). 
The classes are (1) words that describe the sensory qualities of the 
experience in terms of temporal, spatial, pressure, thermal, and other 
properties; (2) words that describe affective qualities in terms of tension, 
fear, and autonomic properties that are part of the pain experience; 
and (3) evaluative words that describe the subjective overall intensity of 
the total pain experience. Each subclass, which was given a descriptive 
label, consists of a group of words that were considered by most 
subjects to be qualitatively similar. Some of these words are undoubt- 
edly synonyms, others seem to be synonymous but vary in intensity, 
whereas many provide subtle differences or nuances (despite their 
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similarities) that may be of importance to a patient who is trying 
desperately to communicate to a physician. 

The second part of the study was an attempt to determine the pain 
intensities implied by the words within each subclass. Groups of 
physicians, patients, and students were asked to assign an intensity 
value to each word, using a numerical scale ranging from least (or 
mild) pain to worst (or excruciating) pain. When this was done, it was 
apparent that several words within each subclass had the same relative- 
intensity relationships in all three sets. For example, in the spatial 
subclass, “shooting” was found to represent more pain than “flashing,” 
which in turn implied more pain than “jumping.” Although the precise 
intensity scale values differed for the three groups, all three agreed on 
the positions of the words relative to each other. The scale values of 
the words for patients, based on the precise numerical values listed in 
Melzack and Torgerson,® are indicated in Figure 1. 

Because of the high degree of agreement on the intensity relation- 
ships among pain descriptors by subjects who have different cultural, 
socioeconomic, and educational backgrounds, a pain questionnaire 
(Fig. 2) was developed as an experimental tool for studies of the effects 
of various methods of pain management. In addition to the list of pain 
descriptors, the questionnaire contains line drawings of the body to 
show the spatial distribution of the pain, words that describe temporal 
properties of pain, and descriptors of the overall present pain intensity. 
The present pain intensity is recorded as a number from 1 to 5, in 
which each number is associated with the following words: 1, mild; 2, 
discomforting; 3, distressing; 4, horrible; and 5, excruciating. The mean 
scale values of these words, which were chosen from the evaluative 
category, are approximately equally far apart® so that they represent 
equal scale intervals and thereby provide “anchors” for the specification 
of the overall pain intensity. 

In a preliminary study, the pain questionnaire consisted of the 16 
subclasses of descriptors shown in Figure 1, as well as the additional 
information deemed necessary for the evaluation of pain. It soon 
became clear, however, that many of the patients found certain key 
words to be absent. These words were then selected from the original 
word list used by Melzack and Torgerson,® categorized appropriately, 
and ranked according to their mean scale values. A further set of 
words—cool, cold, freezing—was used by patients on rare occasions 
but was indicated to be essential for an adequate description of some 
types of pain. Thus, four supplementary, or “miscellaneous,” sub- 
classes were added to the word lists of the questionnaire (Fig. 2). The 
final classification, then, appeared to represent the most parsimonious 
and meaningful set of subclasses without at the same time losing 
subclasses that represent important qualitative properties. A description 
of the properties and scoring methods of the questionnaire, which is 
referred to as the McGill Pain Questionnaire, has been published,” and 
it has become a widely used clinical and research tool.* 7 87 
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McGill Pain Questionnaire 
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Figure 2. McGill Pain Questionnaire. The descriptors fall into four major groups: sensory, 
1 to 10; affective, 11-15; evaluative, 16; and miscellaneous, 17—20. The rank value for 
each descriptor is based on its position in the word set. The sum of the rank values is the 
pain rating index (PRI). The present pain intensity is based on a scale of 0 to 5. (From 
Melzack R: Psychological aspects of pain: Implications for neural blockade. In Cousins MJ, 
Bridenbaugh PO (eds): Neural Blockade in Clinical Anesthesia and Management of Pain, 
ed 2. Philadelphia, Lippincott, 1988, p 845; with permission.) 
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Measures of Pain Experience 


The descriptor lists of the McGill Pain Questionnaire are read to a 
patient, with the explicit instruction that he or she choose only those 
words that describe his or her feelings and sensations at that moment. 
Three major indices are obtained: 


1. The pain rating index based on the rank values of the words: 
In this scoring system, the word in each subclass implying the 
least pain is given a value of 1, the next word is given a value 
of 2, and so forth. The values of the words chosen by a patient 
are summed to obtain a score separately for the sensory (sub- 
classes 1-10), affective (subclasses 11-15), evaluative (subclass 
16), and miscellaneous (subclasses 17-20) words, in addition to 
providing a total score (subclasses 1-20). Figure 3 shows McGill 
Pain Questionnaire scores (total score from subclasses 1-20) 
obtained by patients with a variety of acute and chronic pains. 

2. The number of words chosen. 

3. The present pain intensity: the number-word combination cho- 
sen as the indicator of overall pain intensity at the time of 
administration of the questionnaire. 
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Figure 3. Comparison of pain scores using the McGill Pain Questionnaire obtained from 
women during labor and from patients in a general hospital pain clinic*” and an emergency 
department.” The pain score for causalgic pain is reported by Tahmoush.”* (From Melzack 
R: Psychological aspects of pain: Implications for neural blockade. In Cousins MJ, Briden- 
baugh PO (eds): Neural Blockade in Clinical Anesthesia and Management of Pain, ed 2. 
Philadelphia, Lippincott, 1988, p 845; with permission.) 
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Recently, several additional scoring procedures have been sug- 
gested.” ° =% 2 Hartman and Ainsworth” have proposed transforming 
the data into a pain ratio or fraction: the “pain ratio was calculated for 
each session by dividing post-session rating by the sum of the pre- and 
postsession ratings.” Kremer et al? suggested dividing the sum of the 
obtained ranks within each dimension by the total possible score for a 
particular dimension, thus making differences between the sensory, 
affective, evaluative, and miscellaneous dimensions more interpretable. 

A final form of computation? may be useful because it has been 
argued’ that the McGill Pain Questionnaire fails to take into account 
the true relative intensity of verbal descriptors because the rank-order 
scoring system loses the precise intensity of the scale values obtained 
by Melzack and Torgerson.® For example, Figure 1 shows that the 
affective descriptors generally have higher scale values than the sensory 
words. This is clear when we consider the fact that the words “throb- 
bing” and “vicious” receive a rank value of 4, but have scale values of 
2.68 and 4.26, respectively, indicating that the latter descriptor implies 
considerably more pain intensity than the former. A simple technique 
was developed® to convert rank values to weighted rank values that 
more closely approximate the original scaled values obtained by Melzack 
and Torgerson.® Use of this procedure appears to provide enhanced 
sensitivity under certain circumstances.? 


Usefulness of the McGill Pain Questionnaire 


The most important requirement of a measure is that it be valid, 
reliable, consistent, and above all, useful. The McGill Pain Question- 
naire appears to meet all of these requirements® * "> and provides a 
relatively rapid way of measuring subjective pain experience.” When 
administered to a patient by reading each subclass, it can be completed 
in about 5 minutes. It can also be filled out by the patient in a more 
leisurely way as a paper-and-pencil test, though the scores are some- 
what different.” 

Since its introduction in 1975, the McGill Pain Questionnaire has 
been used in over 100 studies of acute, chronic, and laboratory- 
produced pains. It has been translated into several languages and has 
also spawned the development of similar pain questionnaires in other 
languages. Pain questionnaires have appeared in Arabic,” Chinese,” 
Finnish,“ German,** ””” Dutch,” ® Italian, * and Spanish.” 

Because pain is a private, personal experience, it is impossible for 
us to know precisely what someone else’s pain feels like. No man can 
possibly know what it is like to have menstrual cramps or labor pain. 
Nor can a psychologically healthy person know what a psychotic patient 
is feeling when the patient says he or she has excruciating pain.™ But 
the McGill Pain Questionnaire provides us with an insight into the 
qualities that are experienced. Recent studies indicate that each kind of 
pain is characterized by a distinctive constellation of words. There is a 
remarkable consistency in the choice of words by patients suffering the 
same or similar pain syndromes.* 3. 4, 63, 81 
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Discriminative Capacity of the McGill Pain Questionnaire 


One of the most exciting features of the McGill Pain Questionnaire 
is its potential value as an aid in the differential diagnosis between 
various pain syndromes.” ”” * 52 The first study to demonstrate the 
discriminative capacity of the McGill Pain Questionnaire was carried 
out by Dubuisson and Melzack,’ who administered the questionnaire 
to 95 patients suffering from one of eight known pain syndromes: 
postherpetic neuralgia, phantom limb pain, metastatic carcinoma, tooth- 
ache, degenerative disk disease, rheumatoid arthritis or osteoarthritis, 
labor pain, and menstrual pain. A multiple-group discriminant analysis 
revealed that each type of pain is characterized by a distinctive con- 
stellation of verbal descriptors. Further, when the descriptor set for 
each patient was classified into one of the eight diagnostic categories, 
a correct classification was made in 77% of cases. 

Descriptor patterns can also provide the basis for discriminating 
between two major types of low back pain. Some patients have clear 
physical causes such as degenerative disk disease, whereas others 
suffer low back pain even though no physical causes can be found. 
Using a modified version of the McGill Pain Questionnaire, Leavitt and 
Garron” found that patients with physical, organic, causes use distinctly 
different patterns of words from patients whose pain has no detectable 
cause and is labeled functional. A concordance of 87% was found 
between established medical diagnosis and classification based on the 
patients’ choice of word patterns from the McGill Pain Questionnaire. 
Specific verbal descriptors of the McGill Pain Questionnaire have also 
been shown recently to discriminate between reversible and irreversible 
damage of the nerve fibers in a tooth.” 

More recently, Melzack et al* provided further evidence of the 
discriminative capacity of the McGill Pain Questionnaire to differentiate 
between trigeminal neuralgia and atypical facial pain. Fifty-three pa- 
tients were given a thorough neurologic examination that led to a 
diagnosis of either trigeminal neuralgia or atypical facial pain. Each 
patient rated his or her pain using the McGill Pain Questionnaire, and 
the scores were submitted to a discriminant analysis. Ninety-one 
percent of the patients were correctly classified using seven key descrip- 
tors. To determine how well the key descriptors were able to predict 
either diagnosis, the discriminant function derived from the 53 patients 
was applied to McGill Pain Questionnaire scores obtained from a 
second, independent validation sample of patients with trigeminal 
neuralgia or atypical facial pain. The results showed a correct prediction 
for 90% of the patients. 

However, it is evident that the discriminative capacity of the McGill 
Pain Questionnaire has limits. High levels of anxiety and other psycho- 
logical disturbance, which may produce high affective scores, may 
obscure the discriminative capacity.“ Moreover, certain key words that 
discriminate among specific syndromes may be absent.” Nevertheless, 
it is clear that there are.appreciable and quantifiable differences in the 
way various types of pain are described, and that patients with the 
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same disease or pain syndrome tend to use remarkably similar words 
to communicate what they feel. 


The Short-Form McGill Pain Questionnaire 


The short-form McGill Pain Questionnaire® (Fig. 4) was developed 
for use in specific research settings when the time to obtain information 
from patients is limited and when more information is desired than 
that provided by intensity measures such as the VAS or present pain 
intensity. The short-form McGill Pain Questionnaire consists of 15 
representative words from the sensory (n = 11) and affective (n = 4) 
categories of the standard long form. The present pain intensity and a 
VAS are included to provide indices of overall pain intensity. The 15 
descriptors making up the short-form McGill Pain Questionnaire were 
selected on the basis of their frequency of endorsement by patients 
with a variety of acute, intermittent, and chronic pains. An additional 
word, “splitting,” was added because it was reported to be a key 
discriminative word for dental pain.” Each descriptor is ranked by the 
patient on an intensity scale of 0 = none, 1 = mild, 2 = moderate, 
and 3 = severe. 

The short-form McGill Pain Questionnaire correlates very highly 
with the major pain rating indices (sensory, affective, and total) of the 
long-form and is sensitive to traditional clinical therapies—analgesic 
drugs, epidural blocks, and transcutaneous electrical nerve stimula- 
tion.” Preliminary results from a study designed to examine the 
qualities of pain experienced by patients in a physical rehabilitation 
hospital indicate that the sensory dimension of the short-form McGill 
Pain Questionnaire correlates highly with analgesic use among a 
‘subgroup of patients with high pain scores.“ Furthermore, initial data” 
suggest that the short form may be capable of discriminating among 
different pain syndromes, which is an important property of the long 
form. 


The Descriptor Differential Scale 


Recently, simple but sophisticated psychophysical techniques have 
been applied to the development of pain measurement instruments 
used to assess clinical and experimentally induced pain.’ * 9 ® The 
psychophysical approach uses cross-modality matching procedures to 
determine the relative magnitudes of verbal descriptors of pain.” 

The Descriptor Differential Scale was developed by Gracely et al” 
to remedy a number of deficiencies associated with existing pain 
measurement instruments. It was designed to reduce bias, assess the 
sensory intensity and “unpleasantness” (hedonic) dimensions of pain, 
and provide quantification by ratio-scaling procedures).'* The Descriptor 
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SHORT-FORM McGILL PAIN QUESTIONNAIRE 
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Figure 4. The short-form McGill Pain Questionnaire. Descriptors 1-11 represent the sensory 
dimension of pain experience, and 12-15 represent the affective dimension. Each descriptor 
is ranked on an intensity scale of 0 = none, 1 = mild, 2 = moderate, and 3 = severe. 
The PPI of the standard long-form McGill Pain Questionnaire and the visual analogue scale 
are also included to provide overall pain intensity scores. (From Melzack R: The short-form 
McGill Pain Questionnaire. Pain 30:191, 1987; with permission.) 
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Differential Scale consists of two forms that measure separately the 
sensory intensity and unpleasant qualities of pain. Each form consists 
of 12 verbal descriptors. Each descriptor is centered over a 21-point 
scale with a minus sign at the low end and a plus sign at the high end. 
The patients rate the magnitude of pain they are presently experiencing 
in relation to each descriptor by selecting 1 of the 21 possibilities 
associated with each descriptor. A separate score is obtained for the 
sensory intensity and unpleasantness dimensions by averaging the 
patient’s choices on each 12-item form. 

The Descriptor Differential Scale derived from cross-modality 
matching has been demonstrated to be differentially sensitive to phar- 
macologic interventions that alter the sensory or unpleasantness di- 
mensions of pain.” % 7 Recent results point to the importance of using 
multidimensional measures of pain, with clear instructions to rate the 
sensory intensity and unpleasantness aspects of pain as opposed to the 
“painfulness” of the experience.“ When used in conjunction with 
cross-modality matching techniques, the Descriptor Differential Scale 
has been shown to be a reliable and valid instrument with ratio-scale 
properties.* 7° More recently, Gracely and Kwilosz* assessed the 
psychometric properties of the Descriptor Differential Scale for use as 
a Clinical pain measure. 


Behavioral Approaches 


Recent research into the development of behavioral measures of 
pain has produced a wide array of sophisticated observational tech- 
niques and rating scales designed to assess objective behaviors that 
accompany pain experience.” Techniques that have demonstrated high 
reliability and validity are especially useful for measuring pain in infants 
and preverbal children who lack language skills,” %74 adults who have 
a poor command of language,” or when mental clouding or confusion 
limit the patient’s ability to communicate meaningfully.” Under these 
circumstances, behavioral measures provide important information that 
is otherwise unavailable from patient self-report. Moreover, when 
administered in conjunction with a subjective, patient-rated measure, 
behavioral measures may provide a more complete picture of the total 
pain experience. However, behavioral measures of pain should not 
replace self-rated measures if the patient is capable of rating his or her 
subjective state and such administration is feasible. 

The subjective experiences of pain and pain behaviors are, presum- 
ably, reflections of the same underlying neural processes. However, 
the complexity of the human brain indicates that, although experience 
and behavior are usually highly correlated, they are far from identical. 
One person may be stoic so that calm behavior belies his or her true 
subjective feelings. Another patient may seek sympathy (or analgesic 
medication or some other desirable goal) and in so doing exaggerate 
his or her complaints without also eliciting the behaviors that typically 
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accompany pain complaints of that degree. Concordance between 
patients’ self-ratings of pain and ratings of the same patients by nurses 
or other medically trained personnel may be modestly low,® 1°. 5% 80, 82 
but even in the presence of a significant correlation between physician 
and patient ratings of patient pain, physicians significantly underesti- 
mated the degree of pain the patients reported experiencing.” Craig 
and Prkachin’ have noted that when discordance is observed þe- 
tween nonverbal pain behavior and verbal pain complaint, the discrep- 
ancy often is resolved by disregarding the self-report. These studies 
point to the importance of obtaining multiple measures of pain and 
should keep us mindful that because pain is a subjective experience, 
the patient’s self-report is the most valid measure of that experience. 


Physiologic Approaches 


Profound physiologic changes often accompany the experience of 
pain, especially if the injury or noxious stimulus is acute.” Physiologic 
correlates of pain may serve to elucidate mechanisms that underlie the 
experience and thus may provide clues that may lead to novel treat- 
ments.* ® Physiologic correlates of pain experience that frequently are 
measured include heart rate, blood pressure, electrodermal activity, 
electromyography, and cortical evoked potentials. Despite high initial 
correlations between pain onset and changes in these physiologic 
responses, many habituate with time despite the persistence of pain.” 
In addition, these responses are not specific to the experience of pain 
per se, and occur under conditions of general arousal and stress. Recent 
studies that examined the general endocrine-metabolic stress response 
to surgical incision indicate that under certain conditions it is possible 
to dissociate different aspects of the stress response and pain.® “ On 
the one hand, severe injury to a denervated limb produces a significant 
adrenocortical response.“ On the other hand, use of general anesthesia 
clearly eliminates the conscious experience of pain in response to 
surgical incision, but does little to alter the subsequent rapid increase 
in plasma cortisol levels.* ? These studies indicate, that, although there 
are many physiologic events that occur concurrently with the experience 
of pain, many appear to be general responses to stress and are not 
unique to pain. 


SUMMARY 


Pain is a personal, subjective experience influenced by cultural 
learning, the meaning of the situation, attention, and other psycholog- 
ical variables. Approaches to the measurement of pain include verbal 
and numeric self-rating scales, behavioral observation scales, and phys- 
iologic responses. The complex nature of the experience of pain suggests 
that measurements from these domains may not always show high 
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concordance. But because pain is subjective, the patient’s self-report 
provides the most valid measure of the experience. The VAS and the 
McGill Pain Questionnaire are probably the most frequently used self- 
rating instruments for the measurement of pain in clinical and research 
settings. The McGill Pain Questionnaire is designed to assess the 
multidimensional nature of pain experience and has been demonstrated 
to be a reliable, valid, and consistent measurement tool. A short-form 
McGill Pain Questionnaire is available for use in specific research 
settings when the time to obtain information from patients is limited 
and when more information than simply the intensity of pain is desired. 
Further development and refinement of pain measurement techniques 
will lead to increasingly accurate tools with greater predictive powers. 
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PHYSIOLOGIC CONSEQUENCES 
OF TISSUE INJURY AND 
ACUTE PAIN 


Terence J. Coderre, MSc, PhD 


Until recently, the predominant view of the pain pathway was that 
of a static, passive relay system that transmitted information about a 
noxious stimulus to the brain. Recently, however, evidence is accu- 
mulating that suggests that the pain pathway is an active, dynamic 
system, which both responds and contributes to pain sensations in a 
complex manner. Tissue injury or acute pain produces profound effects 
both in the peripheral and central nervous systems (CNS) that alter 
sensitivity to subsequent stimuli. While the pain system normally acts 
in a useful manner to alert the individual to actual or potential tissue 
damage, a pathologic pain state develops following tissue injury or 
sustained acute pain. In the absence of tissue injury, the pain system 
provides a highly reliable stimulus-response function, in which the 
intensity of the noxious stimulus can be predicted fairly accurately by 
the sensory response. In pathologic pain that follows injury, there is a 
reduction in pain threshold (allodynia), an increased response to nox- 
ious stimuli (hyperalgesia), an increase in the duration of response to 
brief stimulation (persistent pain), and a spread of pain and hyperal- 
gesia to uninjured tissue (referred pain and hyperalgesia). These patho- 
logic changes are dependent on injury-induced alterations within both 
the peripheral and CNS. 

The present article reviews the injury-induced changes in periph- 
eral and central nervous function and their effects on pain sensitivity. 
Through a better understanding of the changes in nervous system 
function that underlie pathologic pain, it is hoped that it will be possible 
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to retard the development of chronic pain or pain that persists past the 
normal time of tissue healing. 


PERIPHERAL EFFECTS 


Following an injury to cutaneous tissue, there are a series of 
defensive reactions that serve as a protective mechanism against further 
skin injury. Lewis” described a “triple response” of injured skin: a 
local reddening at the site of injury, followed by a wheal characterized 
by swelling, tenderness, and redness just around the injury, and a 
subsequent flare or spreading of redness to surrounding tissue. These 
reactions demonstrate the four classic signs of inflammation: redness, 
heat, swelling, and pain. The redness and heat are caused by a dilation 
of blood vessels and by the large amounts of warm blood close to the 
skin surface. Swelling or edema is due to plasma extravasation (the 
leakage of fluids) from the blood vessels into the tissue. Pain is caused 
by a direct activation of peripheral nociceptors by the noxious stimulus, 
as well as by stimulation from toxic substances released in response to 
the injury. 

Along with inflammation, the cutaneous tissue becomes hyperal- 
gesic or more sensitive to cutaneous stimulation. Pain responses to 
both mechanical and thermal stimuli are enhanced. The hyperalgesia 
is present not only at the site of injury, but also spreads to surrounding 
uninjured tissue. The hyperalgesia that follows a tissue injury may 
develop as a result of several different mechanisms. First, the tissue 
injury results in an increased responsiveness of nociceptors at the site 
of injury (nociceptor sensitization). Second, there is a release/production 
and diffusion of pain-producing substances that activate or sensitize 
nociceptors in injured and uninjured tissue. Third, vasodilatory sub- 
stances are released from the peripheral terminals of afferents activated 
by the injury, mediating the spread of inflammation and hyperalgesia 
into uninjured tissue (neurogenic inflammation). The properties asso- 
ciated with these three mechanisms are discussed in detail in the 
following sections. 


Nociceptor Sensitization 


Following tissue injury there is an increase in the excitability of 
primary afferent nociceptors. Nociceptor sensitization is reflected by 
one or more of the following: a decrease in threshold, an increase in 
impulse frequency to the same stimulus (Fig. 1), a decrease in latency 
of the first impulse, an afterdischarge following extended or intense 
stimulation, and the appearance of spontaneous firing.’ Repeated heat 
stimulation produces sensitization that develops within 1 minute and 
lasts for hours. Following heating of the skin, sensitization to further 
heat stimuli has been demonstrated in C-fiber polymodal nociceptive 
units in the rat,” rabbit," cat,? monkey,* and humans.” 
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Figure 1. Response of a monkey C-fiber polymodal nociceptor to repeated noxious heating 
of the receptive field by means of a small contact thermode. The lower graph in A shows 
the thermode temperature near the skin interface during a cycle of heat pulses of increasing 
intensity. The upper graph in A, and the graphs in B and C, plot the receptor’s discharge 
to the first, third, and fifth heating cycle, respectively. (From Kumazawa T, Perl ER: Primate 
cutaneous sensory units with unmyelinated (c) afferent fibers. J Neurophysiol 6:1325, 1977; 
with permission.) 


Sensitization after heat injury has also been found in the heat 
responses of A delta fiber, high-threshold mechanoreceptor units in 
the rabbit, cat,“ and monkey,’® as well as in the paradoxical responses 
of cold receptors in monkeys.” Although mechanical injury stimuli 
have not been used in the study of nociceptor sensitization in mammals, 
cutaneous nociceptors in the frog have been found to be sensitized to 
mechanical stimulation following injury of the skin by scraping.“ It has 
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also been shown that both polymodal nociceptors’ and high-threshold 
mechanoreceptors® do not become sensitized to mechanical stimuli 
following heat injury, although this has recently been questioned.” 

Recent studies have attempted to demonstrate a correlation be- 
tween nociceptor sensitization and reports of hyperalgesia following a 
cutaneous injury. Initially this was performed by comparing magnitude 
estimations of hyperalgesia in humans with neurophysiologic record- 
ings in nerve fibers of monkeys® *® (Fig. 2). More recent studies have 
examined the correlation between human sensory judgements and 
evoked neural responses in the same subjects using percutaneous 
recording techniques.” The results of these studies have been contro- 
versial. While Meyer and Campbell” reported that hyperalgesia is 
associated with a sensitization of A fibers and a desensitization of C 
fibers, LaMotte et al® and Torebjérk et al” suggested that hyperalgesia 
is related to a sensitization of C fibers and not A fibers. This discrepancy 
may depend on either the type of skin injured (hairy versus glaborous) 
or the intensity of the stimulus producing the injury. 


Pain-Producing Substances 


Evidence suggests that nociceptor sensitization and hyperalgesia 
at the site of injury are partly mediated by the release of toxic substances 
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Figure 2. Magnitude ratings of pain by a human subject and evoked responses of a C-fiber 
mechanoheat (CMH) nociceptor in the monkey during heat stimulations (between 39-51°C) 
of the hairy skin before and 10 min after a mild injury by heat (a 50°C stimulus of 100 sec 
duration). The upward arrow marks the onset of the stimulus, while the downward arrow 
and horizontal tick marks denote the termination of the stimulus. A Magnitude ratings of 
pain: Hyperaigesia had developed by 10 min, as indicated by a lowering of pain threshold 
from 43°C to 39°C and enhanced ratings of suprathreshold stimuli. B Responses of a CMH 
nociceptor: Each vertical mark represents a single action potential. By 10 minutes after the 
injury, the nociceptor had become sensitized, as evidenced by a lowering of threshold and 
enhanced frequency of discharge to suprathreshold stimuli. (From LaMotte RH, Thalhammer 
JG, Robinson CJ, et al: Peripheral neural correlates of magnitude of cutaneous pain and 
hyperalgesia: A comparison of neural events in monkey with sensory judgment in human. 
J Neurophysiol 50:1-25, 1983; with permission.) 
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from cells damaged by the injury. Chapman et al’? found that perfusate 
taken from the subcutaneous space of injured skin produces hyperal- 
gesia in uninjured skin. Exposure to severe or prolonged noxious 
stimulation results in tissue damage. The damage is reflected by a 
destruction of cells, as well as nerve endings, at the site of injury. The 
chemicals potassium (K*) and adenosine triphosphate, which are con- 
tained in the cells of tissue, are released following injury.” ” The 
release of K* and adenosine triphosphate causes a sensitization of 
nerve endings ™ and likely produces pain sensations because each 
chemical has been found to produce pain when applied to the exposed 
base of a blister.” Following tissue injury there is also a local release of 
serotonin and bradykinin from blood,*” " as well as histamine from 
damaged mast cells." Histamine is reported to sensitize C-fiber noci- 
ceptive units? and produces pain following intradermal injection.” 
Serotonin causes a sensitization of cutaneous nociceptors’ and pain 
sensations when applied to a blister base.” Like histamine and seroto- 
nin, bradykinin produces an excitation of nociceptors” ° and is painful 
when injected into the skin.” 

Tissue damage is also followed by the production and accumulation 
of arachidonic acid metabolites in inflammatory perfusate.” The cyclox- 
ygenase products of arachidonic acid metabolism, prostaglandins, cause 
a sensitization of C-fiber nociceptors® and produce pain following high- 
concentration intradermal*® and intramuscular” injections. Lower con- 
centrations do not cause overt pain, but do cause hyperalgesia when 
administered intradermally” or subcutaneously.“ It has been suggested 
that prostaglandins facilitate inflammation, the sensitization of nocicep- 
tors, and hyperalgesia by enhancing the effects of the other previously 
mentioned substances that are released in inflammatory perfusate.” 
Recently, it has been demonstrated that the lipoxygenase products of 
arachadonic metabolism also sensitize nociceptors’ % and produce 
hyperalgesia” on intradermal injection. 


Neurogenic Inflammation 


Lewis” noted that the spread of hyperalgesia following cutaneous 
tissue injury coincided with the development of a flare or reddening of 
the skin surrounding the injury. It has long been known that the 
development of a flare is associated with vasodilatation that is depen- 
dent on neural mechanisms. First, a flare response can be elicited by 
antidromic stimulation of a peripheral nerve. Second, the flare re- 
sponse to noxious skin stimulation is absent in denervated regions of 
skin. Third, inflammatory responses to noxious stimulation are di- 
minished by an injection of a local anesthetic to the area.” It is also 
known that flare responses are mediated by peripheral mechanisms 
independent of the CNS. Bayliss® demonstrated that a flare response 
could be generated following stimulation of the peripheral end of a 
transected dorsal root. Bruce? argued that sensory fibers activated 
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antidromic inflammatory responses and suggested that they were the 
result of an axon reflex similar to that described by Langley and 
Anderson® in preganglionic sympathetic fibers. 

The relationship between reflex vasodilatation and the painfulness 
of the injury necessary to produce it also led researchers to conclude 
that axon reflexes were produced in fibers that transmit pain. Celander 
and Folkow” studied vasodilatation after heating of the skin and noted 
that although a 55°C stimulus produced an axon reflex response, a 40°C 
stimulus did not. Gasser™ demonstrated that dorsal root stimulation 
must be at C-fiber strength to produce vasodilatation. Recently, Kenins® 
demonstrated that neurogenic inflammation can be produced in the rat 
hind leg by antidromic stimulation of C-polymodal nociceptive fibers, 
but not by stimulation of C low-threshold mechanosensitive or warm 
sensitive fibers. It is now assumed that neurogenic inflammation typi- 
cally occurs when stimuli, strong enough to elicit pain, generate 
impulses in nociceptive C fibers. The impulses travel not only centrally 
to signal pain, but also propagate antidromically, in the branches of 
the nerve fibers that innervate blood vessels, and produce neurogenic 
inflammation. 

It seems very likely that the spread of hyperalgesia is, in part, 
mediated by the same process. Bilisoly et al’? have shown that pain 
sensitivity in the skin around an injection of histamine increases during 
the phase of active vasodilatation that produces a flare. Lewis” pro- 
posed that, in response to an injury, a neurogenic system in the 
periphery produces hyperalgesia while mediating elements of skin 
defense such as inflammation. His hypothesis was based on several 
observations. First, he noted that the spread of hyperalgesia around a 
skin injury could be delayed by a local injection of procaine adminis- 
tered before the injury. Second, he could produce hyperalgesia by 
antidromically stimulating cutaneous nerves. Third, like hyperalgesia 
following an injury, hyperalgesia produced by antidromic stimulation 
could be delayed by local anesthesia. In addition, if the nerve was 
stimulated distal to a procaine block, hyperalgesia would develop 
normally after the nerve recovered from the block. However, if the 
nerve stimulation was central to the block, hyperalgesia never devel- 
oped. These findings strongly suggest that the spread of hyperalgesia 
is mediated by peripheral nerves. 

Support for Lewis’s mechanism of spreading hyperalgesia comes 
from several sources. Perl et al’? showed that an extensive skin injury 
produced a sensitization of C-fiber polymodal units whose receptive 
fields were removed from the injured region. Fitzgerald® recorded 
activity in C-fiber nociceptive units in the skin near an injury and found 
that nociceptors in the uninjured tissue were more sensitive to heat 
following an injury than when there was no injury. The spread of the 
effect of the injury was induced by nerve impulses, because a local 
injection of lidocaine anesthetic blocked the spread of sensitization. 
Fitzgerald also found that there was a spread of nociceptor sensitization 
following antidromic stimulation of the rabbit sural nerve at C-fiber 
strength. The effect was independent of the CNS because it occurred 
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even when the nerve was cut central to the stimulation point. Chahl 
and Ladd” demonstrated that antidromic stimulation of the rat saphe- 
nous nerve produced inflammation and an increased excitability in 
sensory nerve fibers when the stimulation was of C-fiber, but not A- 
fiber, strength. 

Although Lewis”? was incorrect in attributing the spread of hyper- 
algesia to axon reflexes in a set of undiscovered “nocifensor” nerves 
(rather than afferent nerves), he was correct in suggesting that periph- 
eral nerves mediated the spread of hyperalgesia by liberating pain- 
producing or pain-enhancing substances into the uninjured skin around 
an injury. Lewis and Marvin” presented evidence that inflammation is 
mediated by such a substance by showing that the duration of a flare 
can be increased by occlusion of the blood to the area. Chapman et al’® 
noted that during the period of active vasodilatation a substance is 
released into the subcutaneous perfusate. Because the substance was 
not released during plasma extravasation, they concluded that it is a 
mediator of vasodilatation and not just released as a consequence of 
inflammation. 

Recent evidence suggests that the mediator of neurogenic inflam- 
mation is substance P. First, substance P is found in skin® and in the 
peripheral terminals of unmyelinated sensory fibers.* Second, periph- 
eral nerve stimulation causes a release of substance P from its nerve 
terminals.’ Third, substance P injections produce both vasodilatation 
and plasma extravasation.” Fourth, substance P antagonists block the 
vasodilatation and plasma extravasation produced by injury,® anti- 
dromic nerve stimulation,” and substance P injections.’” Fifth, sub- 
stance P causes hyperalgesia in mice following subcutaneous injec- 
tion,** and produces pain in humans when applied to a blister base.* 
Sixth, substance P is found to be elevated in the peripheral nerves of 
animals with inflammatory pain due to adjuvant-induced arthritis.™ 
Seventh, substance P stimulates sensory nerve endings when perfused 
into the rabbit ear.” Eight, along with the flare responses, substance P 
in peripheral nerves is reduced in the region innervated by the nerve 
following transection.? 

It has been suggested that substance P may produce its peripheral 
effects through an interaction with histamine from mast cells. It has 
been shown that substance P causes a release of histamine from rat 
peritoneal mast cells” and in human mast cells. Furthermore, only 
substance P analogues that release histamine from mast cells produce 
a flare response in human skin.* Also, H,-histamine antagonists pre- 
vent the flare response to infusion of substance P or antidromic 
stimulation.*” 9 

Recently, Lembeck and Gamse® have proposed a model for pe- 
ripheral mechanisms of inflammation and the spread of hyperalgesia 
that describes the role of many of the substances discussed so far in 
this review. According to this model (Fig. 3), tissue damage following 
injury causes a release of potassium (K*) from damaged cells, brady- 
kinin from blood, and histamine from mast cells. Together, these sub- 
stances stimulate nociceptors and induce the production of prostaglandins. 
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Figure 3. Suggested mechanism underlying the axon response (for explanation, see text). 
Hi, histamine; K+, potassium; PGs, prostaglandins; SP, substance P. (From Lembeck F, 
Gamse R: Substance P in peripheral sensory processes. In Porter R, O'Connor M (eds): 
Substance P in the Nervous System [Ciba Foundation Symposium 91]. London, Ciba 
Foundation, 1982, p 35; with permission.) 


Prostaglandins both trigger inflammation and facilitate the stimulation 
of nociceptors. The stimulation of nociceptors causes the release of 
substance P from its nerve terminals, and as the level of stimulation 
increases, pain signals are generated. When released from peripheral 
terminals, substance P induces vasodilatation, producing a flare re- 
sponse, as well as causing a further release of histamine from adjacent 
mast cells. The release of further histamine results in the initiation of a 
repetition of the cycle in adjacent neurons, leading to increasing 
inflammation and the spread of hyperalgesia to uninjured tissue.” 
Recent evidence suggests that in articular tissue, this mechanism may 
also include an action of histamine from mast cells on sympathetic 
postganglionic neurons,” which produce further inflammation by re- 
leasing prostaglandins.” 


CENTRAL EFFECTS 


Recent evidence suggests that in addition to the effects of tissue 
injury or noxious stimulation on primary afferent neurons, there are 
also effects within the CNS. A central mechanism of spreading hyper- 
algesia proposed by Sturge!” and Hardy et al® has been supported by 
reports that cutaneous hyperalgesia spreads well beyond the area of 
nociceptor sensitization. Thalhammer and LaMotte found that a heat 
injury in one half of a cutaneous nociceptor’s receptive field did not 
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produce heat sensitization in the other half, despite the fact that 
hyperalgesia spread into this area. Typically, nociceptor sensitization 
associated with injury is restricted to about 5 to 10 mm of the site of 
injury, “ whereas cutaneous hyperalgesia spreads as far as 10 to 20 
cm beyond the site of injury.® 

The spread of hyperalgesia as well as long-term CNS effects of 
peripheral tissue injury occur, in part, as a result of central sensitization. 
Central sensitization is reflected by various phenomena described, 
including the wind-up, sensitization, and expansion of the receptive 
fields of dorsal horn neurons, and an increased excitability of flexion 
reflexes. There are also various animal models of persistent pain that 
reflect changes in central neural function, because pain persists even 
after inputs from the injured region are blocked. This central sensiti- 
zation, and the neuroplasticity it reflects, is dependent on neurochem- 
ical, cellular, and molecular events in the CNS that are triggered by 
peripheral tissue injury. 


Wind-Up and Sensitization of Dorsal Horn Neurons 


Coincident with spreading hyperalgesia following peripheral tissue 
injury is the sensitization of spinal cord dorsal horn neurons. Dorsal 
horn neurons fire with increasing frequency in response to repeated 
applications of the same noxious heat stimulus.” The sensitization of 
dorsal horn neurons occurs after tissue injury” or stimulation of C-fiber 
afferent nerves” ”? (Fig. 4B). An injury or noxious stimulation may also 
induce a hyperexcitable state in dorsal horn neurons. In such cases, 
repeated noxious peripheral input sequentially increases dorsal horn 
activity, resulting in a prolonged discharge or wind-up of the cell, 
lasting from seconds to minutes poststimulation.™ 


Receptive Field Expansion 


In addition to the sensitization and prolonged excitation of dorsal 
horn cells, noxious stimulation associated with tissue injury also pro- 
duces an expansion of the receptive fields of dorsal horn neurons. 
Neurons in the dorsal horn of the spinal cord with receptive fields 
adjacent to a cutaneous heat injury expand their receptive fields to 
incorporate the site of injury." Similar receptive field expansions have 
been observed following chemical, inflammatory,” and nerve” inju- 
ries, as well as C-fiber nerve stimulation” (Fig. 4A). In fact, even surgical 
incisions associated with a hind limb operation are capable of producing 
receptive field expansions in dorsal horn neurons.® In the case of nerve 
injury, sensory disturbances associated with the injury have been found 
to be closely associated with such alterations in dorsal horn function. 
Markus et al” have demonstrated that the development of hypersen- 
sitivity in a rat’s hind paw following sciatic nerve section occurs 
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Figure 4. A, Expansion of the pinch receptive field of a dorsal horn neuron following a C- 
fiber-strength conditioning stimulus at time 0 to the gastrocnemius-soleus nerve (1 Hz, 20 
sec). Note that 15 min after the conditioning stimulus the neuron begins to respond to a 
low-intensity mechanical stimulus (touch). B, Change in the total number of action potentials 
in a neuron evoked by a standard pinch applied for 3 sec to the medial edge of the foot 
following the gastrocnemius-soleus conditioning stimulus at time 0. (From Cook AJ, Woolf 
CJ, Wall PD, et al: Dynamic receptive field plasticity in rat spinal dorsal horn following C- 
primary afferent input. Nature 325:151, 1987; with permission.) 
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concurrently with the expansion of the saphenous nerve’s somatotopic 
projection in the spinal cord. 


Alterations in Flexion Reflexes 


In addition to its role in enhancing pain transmission to central 
structures, the sensitization of spinal dorsal horn neurons also leads to 
an enhancement of spinal reflexes, including the flexion reflex. Woolf" 
demonstrated that localized thermal and chemical injuries cause reduc- 
tions in flexion reflex thresholds to noxious mechanical and thermal 
stimulation in the limb contralateral as well as ipsilateral to the injury. 
Cutaneous,™ as well as deep tissue,” injury and noxious electrical 
stimulation of cutaneous and muscle? ™ afferents, also produce an 
increase in the excitability of the ipsilateral and contralateral flexor 
efferent nerves in response to noxious mechanical stimulation of the 
hind paw. The spread of hyperalgesia or flexor efferent excitability to 
the contralateral side implies that spinal sensitization is involved. 
Furthermore, because the increased excitability in the contralateral 
flexor efferent is maintained even after inputs from the injured paw are 
blocked by local anesthesia, the results suggest that central, and not 
peripheral, changes underlie this effect. In this way, cutaneous hyper- 
algesia after injury may depend on central sensitization that is produced 
by, but does not need to be maintained by, inputs from a peripheral 
injury. In our laboratory, we have demonstrated that the spread of 
hyperalgesia (i.e., decreased paw-withdrawal latencies from 47°C water) 
to the hind paw contralateral to a thermal injury is unaffected by either 
deafferentation or anesthetic blocks of the injured hind paw following 
the injury, but is prevented if deafferentation or anesthetic block of the 
injured hind paw precedes the injury.” 7 These data provide further 
evidence that peripheral injury can produce central changes that are 
maintained even after the inputs from the injury are removed. 


Animal Models of Persistent Pain 


Recent evidence suggests that in addition to reflex nociceptive 
measures, animal models of persistent pain are also influenced by 
central sensitization. In neuropathic pain models, there is increasing 
evidence that the level of noxious input, present at the time of the 
initial pain-inducing injury, plays a significant role in determining 
subsequent pain experience. Deafferentation by peripheral neurectomy 
or dorsal rhizotomy in rodents is followed by self-mutilation, or auto- 
tomy, in which animals bite and scratch the insensate paw to the point 
of amputation. There is strong evidence that this autotomy behavior is 
produced by ongoing pain or dysesthesia, associated with increased 
neuronal activity, which is referred to the anesthetic region." * Studies 
in our laboratory demonstrate that subsequent autotomy behavior is 
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dramatically affected by alterations in the level of noxious inputs present 
at the time of nerve injury or section. These studies have shown that 
noxious chemical, % thermal,- and electrical nerve” stimulation, 
before nerve sections, significantly increases the severity of autotomy 
following neurectomy or rhizotomy. These findings suggest that the 
prior injury is capable of producing central changes that influence pain 
behavior, after nerve sections, at a time when inputs from the injured 
region are no longer capable of transmitting their message centrally. 

In contrast to the effect of increasing noxious inputs at the time of 
nerve injury, reducing or eliminating the afferent barrage induced by 
nerve section produces a dramatic reduction in deafferentation pain. 
When the afferent barrage induced by nerve cuts is blocked by treating 
the cut nerves with local anesthetics before sectioning them, there is a 
significant reduction in the incidence and severity of autotomy in these 
rats.” Similarly, in human amputees, phantom limb pain for at least 12 
months after amputation is significantly reduced in patients given an 
epidural block with bupivacaine and morphine to eliminate preampu- 
tation pain before amputation surgery.° 

In addition to neuropathic pain, persistent pain after formalin- 
induced tissue injury also is influenced by central sensitization. A 
subcutaneous injection of dilute formalin produces a biphasic nocicep- 
tive response in rats, with an early phase of intense pain occurring in 
the first few minutes, a quiet intermediate period of little or no pain 
lasting 5 to 10 minutes, and a later persistent or tonic phase of moderate 
pain expressed about 15 to 60 minutes after formalin injection.” The 
nociceptive response to subcutaneous formalin is matched by a similar 
biphasic increase in the activity of dorsal horn neurons after formalin 
injection.“ & Dickenson and Sullivan® have demonstrated that the 
intrathecal administration of the p-opiate agonist Tyr-D-AlaGlyMe- 
PheGly-ol significantly inhibits the prolonged increase in dorsal horn 
activity produced by subcutaneous formalin injection. However, this 
inhibition occurred only if the drug was given before the formalin 
injection, and not if was given 2 minutes after the injection. These 
results imply that the dorsal horn activity associated with the late phase 
of the formalin response depends on spinal activation during the early 
phase after formalin injection. 

In our own studies, we have examined the contribution of central 
sensitization to persistent pain in the formalin test by assessing the 
effects of anesthetic agents given in local subcutaneous injections or 
intrathecally, either before or after the early phase of the formalin 
response, on subsequent nociceptive behavior during the late phase of 
the formalin test.” Our results demonstrated that the persistent noci- 
ceptive responses in the late phase (30-60 minutes after formalin) were 
not eliminated by complete anesthetic blockade of the formalin-injected 
area at the time of testing (bupivacaine given 5 minutes after formalin 
injection and again 5 minutes before testing), but were virtually elimi- 
nated if a local anesthetic block of the area was also present at the time 
of formalin injection (bupivacaine given 5 minutes before formalin 
injection and again 5 minutes before testing). Furthermore, late-phase 
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nociceptive responses were significantly reduced by spinal anesthesia 
at the time of formalin injection (intrathecal lidocaine given 5 minutes 
before formalin injection), but not by spinal anesthesia administered 
after formalin injection (intrathecal lidocaine given 5 minutes after 
formalin injection), i.e., after the early phase had already occurred.” 
These results suggest that central neural changes, which occur during 
the early phase of the formalin test, are essential for the development 
of the later persistent pain phase of the formalin test. 


Neurochemical Mediators of Central Sensitization 


Evidence suggests that C-fiber neuropeptides are involved in trig- 
gering central sensitization. First, the increased excitability in flexor 
efferents, induced either by C-fiber strength electrical stimulation or by 
the application of chemical irritants, is blocked by pretreatment of the 
affected nerves with the C-fiber neurotoxin capsaicin.” Second, the 
application of small combined doses of the C-fiber neuropeptides 
substance P and calcitonin gene-related peptide or calcitonin gene- 
related peptide and somatostatin produce a prolonged enhancement in 
the excitability of the flexion reflex.” '* Third, hyperalgesia that 
develops in the hind limb contralateral to a thermal injury is mimicked 
by intrathecal treatment with the C-fiber neuropeptides substance P 
and neurokinin A and is reversed by the substance P antagonist D- 
Arg’, Pro?, D-Phe?, D-His*-substance P”. Fourth, the repetitive stimu- 
lation of dorsal roots elicits a slow depolarization in dorsal horn neurons 
that is mimicked by the application of substance P, vasoactive intestinal 
polypeptide or cholecystokinin, and blocked by substance P antagonists 
or capsaicin applied to the tissue bath.” Fifth, a subcutaneous injection 
of formalin, which we have shown produces a persistent pain response 
associated with central sensitization (see previous section), evokes an 
immediate, intense barrage of C-fiber afferent activity“ and elicits an 
increase in substance P in the spinal cord dorsal horn.™ Sixth, persistent 
nociceptive responses in the formalin test are significantly reduced 
following treatment with the neurokinin antagonists [D-Pro*, D-Trp” °] 
substance P and [D-Pro*, D-Trp” * ”, Phe!] substance P™. 

Additional evidence implicates a contribution of excitatory amino 
acids to central sensitization. First, intrathecal administration of the 
excitatory amino acids L-glutamate or L-aspartate produces an increase 
in the excitability of flexor efferents.”* Second, hyperalgesia in the hind 
limb contralateral to a thermal injury is mimicked by intrathecal treat- 
ment with N-methyl-D-aspartate (NMDA), and reversed by treatment 
with the NMDA antagonist D-2-amino-5-phosphonovalerate.* Third, 
repetitive C-fiber stimulation produces a wind-up of dorsal horn neuron 
activity that is mimicked by the intrathecal application of L-glutamate, 
NMDA, and quisqualate® and blocked by the application of the NMDA 
antagonists D-2-amino-5-phosphonovalerate and MK-801 to the prepa- 
ration.® * Fourth, subcutaneous injection of formalin produces an 
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increased release of glutamate and aspartate in spinal cord dorsal 
horn.” Fifth, sustained responses of spinal nociceptive cells to noxious 
peripheral stimulation with subcutaneous formalin are reduced by 
selective NMDA antagonists.” Sixth, persistent nociceptive responses 
to formalin-induced tissue injury” ® or hyperalgesia and pain associ- 
ated with nerve injury in rats” "° are significantly reduced by pretreat- 
ment with selective NMDA antagonists. Furthermore, an interaction of 
neuropeptides and excitatory amino acids is suggested by the finding 
that intrathecal administration of substance P enhances the release of 
glutamate and aspartate from spinal cord dorsal horn, and calcitonin 
gene-related peptide, although not effective on its own, potentiates the 
effect of substance P.” 


Cellular Messengers Involved in Central Sensitization 


It is apparent that both C-fiber neuropeptides and excitatory amino 
acids contribute to central sensitization. However, because these trans- 
mitters produce effects that last at most seconds to minutes, it is not 
clear how these substances can produce central changes that last for 
prolonged (hours to days) periods. It is possible that neuropeptides 
and excitatory amino acids trigger alterations in membrane excitability 
through interactions with second messenger systems and protein ki- 
nases, which phosphorylate substrate proteins.” In recent studies?” * 
we have begun to assess the contribution of second messenger systems 
and protein kinases to the development of persistent pain following 
formalin-induced tissue injury. These studies suggest that increased 
intracellular calcium is critical to the development of persistent pain 
associated with central sensitization in the formalin test. Thus, increas- 
ing intracellular calcium either with the calcium ionophore A23187 or 
the calcium channel activator Bay K-8644 significantly increases the 
persistent nociceptive responses elicited by subcutaneous formalin 
injection.” Conversely, blocking increases in intracellular calcium, with 
either the calcium chelator quin 2 or the calcium channel antagonist 
nifedipine, produces a significant reduction in the persistent pain 
responses to formalin injury.” 

In addition, evidence suggests that persistent pain after formalin- 
induced tissue injury is dependent on Ca’*/diacyclglycerol/phospho- 
lipid-dependent protein kinase activity.” In this study we examined 
the effects of second messengers and protein kinases on pain related 
to formalin-induced tissue injury.” Formalin pain scores were unaf- 
fected by forskolin and H-9, which affect cAMP and cAMP-dependent 
protein kinase, respectively. Formalin pain scores were also weakly 
affected by quinacarine, which by inhibiting phospholipase A, blocks 
the conversion of phosphatidylcholine to arachidonic acid, and by W-7, 
which inhibits Ca?*/calmodulin-dependent protein kinase. By contrast, 
formalin pain scores were significantly inhibited by neomycin, which 
by inhibiting phospholipase C (PLC) blocks the hydrolysis of phospha- 
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tidylinositol 4,5-bisphosphate (PIP,) to inositol trisphosphate and dia- 
cyclglycerol, and by H-7, which inhibits protein kinase C (PKC). 
Furthermore, formalin pain scores were significantly enhanced by 
phorbal 12-myristate 13-acetate and SC-10, which stimulate PKC.” As 
outlined in Figure 5, we hypothesize that following an intense activation 
of C-fiber afferents,“ formalin produces a release of glutamate and 
aspartate from the dorsal horn,” which by acting at ionotropic (NMDA) 
and metabotropic excitatory amino acid receptors, respectively, leads 
to an influx of Ca?* % ° and the activation of PLC. PLC catalyzes the 
breakdown of PIP, into diacyclglycerol, and thus, leads to the produc- 
tion of PKC, which is activated during high rates of Ca?* influx." By 
phosphorylating substrate proteins, PKC would produce sustained 


metabotropic 
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Figure 5. Schematic diagram indicating a possible mechanism by which formalin-induced 
tissue injury leads to central sensitization of spinal cord dorsal horn neurons. A high level 
of neural activity induced by formalin injury leads to a release of aspartate and glutamate 
from dorsal horn neurons. Repetitive activity at the AMPA receptor produces a membrane 
depolarization that would counter a voltage-dependent blockade of the NMDA receptor by 
Mg?*. By a further action at NMDA and metabotropic receptors, respectively, excitatory 
amino acids would produce an influx of Ca?*, and the activation of PLC. PLC catalyzes the 
hydrolysis of PIP,, producing IP; and DAG, both of which act as intracellular second 
messengers. In particular, DAG stimulates the production of PKC, which is activated during 
high rates of Ca?* influx. The activated PKC induces sustained alterations in the cellular 
membrane affecting membrane permeability for prolonged periods. The production of IP, 
causes the release of calcium from intracellular stores within the reticular formation, and 
the increased calcium activates calcium/calmodulin-dependent protein kinase (Ca/CaM PK). 
The production of Ca/CaM PK induces brief membrane alterations that are likely not critical 
to central sensitization induced by formalin injury. The increased influx of extracellular 
calcium also activates phospholipase A, (PLA,), which catalyzes the conversion of phos- 
phatidylcholine (PC) to arachidonic acid (AA). AA can undergo a further conversion to 
thromboxanes (TX), prostaglandins and prostacyclins (PG), or leukotrienes (LT). It is 
expected that this pathway is not critical for central sensitization following formalin injury. 
Further investigations are required to determine the contribution of other components of 
the NMDA-receptor complex (glycine, Zn?*, and others) to plasticity in this model. 
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membrane alterations, including changes in ion channel cond- 
uctances,’*” contributing to persistent pain after formalin-induced tissue 


injury. 


Molecular Events Associated with Central 
Sensitization 


In addition to the production of intracellular second messengers, 
noxious stimulation leads to the expression of proto-oncogenes or third 
messengers. Hunt et al® first demonstrated that the proto-oncogene 
c-fos is expressed in postsynaptic dorsal horn neurons for 24 hours 
following noxious thermal or chemical (mustard oil applied to skin) 
stimulation of the skin. The expression of c-fos has also been demon- 
strated in rat spinal dorsal horn in response to noxious pinch of the 
hind paws," the injection of formalin” '” or carageenan'® into a hind 
paw or sodium urate crystals into joints,“ the induction of polyarthritis 
with Freund’s adjuvant,’ the production of a neuroma following nerve 
injury,” and the injection of acetic acid into viscera.” Noxious stimu- 
lation also leads to the expression of additional early immediate genes, 
including c-jun, NGFI-A, NGFI-B, and SRF® + in spinal cord. Further- 
more, following noxious and inflammatory stimuli there is an expres- 
sion of c-fos in the CNS structures involved in pain transmission, 
including the periaqueductal gray, thalamus, habenula, and somatosen- 
sory cortex.” © 7! Importantly, there is a strong correlation between 
pain behavior and the number of cells expressing c-fos, and morphine 
pretreatment produces a dose-dependent suppression of c-fos expres- 
sion that corresponds with its analgesic effects." 17 

Because an elevation of intracellular calcium is crucial to the 
transcriptional activation of c-fos,“ it has been suggested that c-fos is 
induced in spinal cord dorsal horn following Ca** entry through NMDA 
receptor-operated calcium channels.” Indeed, NMDA receptor activa- 
tion leads to the expression of c-fos in cerebellar granule cells.’ While 
its has been demonstrated that noxious stimulation-induced expression 
of c-fos in the spinal dorsal horn is substantially reduced by pretreatment 
with the NMDA receptor antagonist MK-801,” others have found that 
NMDA antagonists do not affect the distribution of fos labeled neurons 
in spinal cord.’?” 1 This discrepancy may depend on differences in the 
nature of the noxious stimulus applied to the periphery (chemical 
versus thermal stimulation), or specific differences in experimental 
methods, such as the type of anesthetic agent used. C-fos is also 
expressed in response to phorbol esters and protein kinase C, as well 
as calcium ionophores when combined with agents which increase 
cAMP.” Thus, it is possible that early immediate genes, such as c-fos, 
are triggered by calcium influx and the stimulation of second messen- 
gers and protein kinases following the activation of excitatory amino 
acid and other receptors, These molecular events may trigger prolonged 
cellular changes that could account for long-lasting central sensitization 
and persistent hyperalgesia. 
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Although there is evidence that noxious stimulation leads to the 
expression of proto-oncogenes, such as c-fos, this does not necessarily 
mean that these third messengers are involved in central sensitization. 
However, there is one piece of evidence to suggest that proto-oncogenes 
indeed may be involved in central sensitization. Recently, Herdegen et 
al® demonstrated that while “low-level” noxious cutaneous stimulation 
to one hind paw induced c-fos in only a few neurons, the same stimulus 
repeated 1 hour later in the contralateral hind paw induced dense fos 
labeling in numerous neurons. This suggests that the proto-oncogenes, 
such as c-fos, may be involved in central sensitization. These data are 
also consistent with the suggestion that molecular events such as new 
gene expression may be involved in the production of prolonged cellular 
changes necessary for long-term memory” and cellular phenomena that 
underlie the persistence of chronic pain and hyperalgesia following 


injury. 
CONCLUSION 


Tissue injury and acute pain trigger neural and cellular changes 
that result in local inflammation and peripheral and central sensitization 
within pain transmission neurons. Peripheral events, including the 
release or production of toxic substances from tissue or blood, trigger 
pain and sensitize nociceptors, resulting in increased pain sensitivity 
or hyperalgesia. Furthermore, the release of neuropeptides, such as 
substance P, from the peripheral terminals of primary afferent C fibers 
leads to a spreading of inflammation and hyperalgesia to distant 
uninjured tissue. 

Tissue injury and acute pain also produce a sensitization of CNS 
neurons, leading to spontaneous pain, referred pain, and hyperalgesia, 
which may persist for prolonged periods and may outlast the tissue 
damage that triggered it in the first place. Central sensitization is 
reflected by wind up, reduced thresholds and the expansion of the 
receptive fields in dorsal horn neurons, alterations in flexion reflexes, 
and persistent spontaneous pain, which is maintained in the absence 
of inputs from the peripheral injury. Central sensitization is influenced 
by neurochemical (neuropeptides and excitatory amino acids), intracel- 
lular second messengers (calcium, diacyclgycerol, protein kinase C), 
and molecular events (expression of c-fos), which trigger changes in ion 
channel permeability and allow for prolonged alterations in the neurons 
responses to subsequent stimuli. 

It is hoped that through a greater understanding of the responses 
of both peripheral and CNS structures to tissue injury and acute pain, 
it may be possible to prevent the tragic conversion of a normal, 
protective system involved in pain-signaling into a system that triggers 
pathologic pain of long duration, which we know as chronic pain. 
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NEW TECHNIQUES OF OPIOID 
ADMINISTRATION FOR THE 
CONTROL OF ACUTE PAIN 


Alan N. Sandler, MB ChB, FRCPC 


The use of opioids to control acute pain has roots in ancient 
history,”” and opioids are still the primary analgesic agents chosen for 
severe pain. Improvements in pain relief in recent times have not 
stemmed from major changes in these agents but in the administration 
techniques that have been developed and used with great success. In 
the forefront of the newer technologies are spinal opioid administration 
and patient-controlled analgesia. These topics are discussed’ elsewhere 
in this volume. However, several other novel administration techniques 
are under intensive investigation or in current use.* These include the 
oral mucosal opioids (buccal, sublingual, and oral lozenges) and intra- 
nasal, rectal, and transdermal opioids. Oral lozenges (oral transmucosal 
fentanyl) and nasal preparations (sufentanil spray or drops”) have 
been studied as preanesthetic premedication and are currently being 
evaluated for the relief of acute pain. Oral transmucosal opioids are 
available for commercial use for postoperative pain in some parts of 
the world, and specially designed rectal opioid preparations are at the 
point of clinical investigation.” Transdermal fentanyl is currently under 
intensive study and is available for chronic pain related to neoplastic 
disease in the United States. 


ORAL MUCOSAL ADMINISTRATION 


Oral mucosal administration has used the buccal mucosal route 
(morphine’) or the sublingual route (phenazocine,? buprenorphine’) 
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to administer opioids for postoperative pain control. Buccal and sublin- 
gual tissues (approximately 200 cm? total area) are rich in blood vessels 
and lymphatics through which opioids are absorbed. Venous drainage 
is directly into the systemic circulation and thus avoids gastrointestinal 
degradation and hepatic first-pass metabolism. Transfer of opioids 
across the buccal mucosa is related to the lipophilicity of the drug. 
Patient acceptance factors include lack of bad taste and corrosive action. 
Buccal morphine was administered to postoperative orthopedic patients 
as a tablet placed between the upper lip and the gum above the incisor 
teeth and slowly dissolved within 6 hours. A similar degree of analgesia 
and onset time was found when compared with intramuscular mor- 
phine in a double-blind fashion. An advantage was a slower decline in 
plasma morphine concentrations with the buccal route, with a resulting 
increase in bioavailability of morphine after buccal administration.’ 
However, other volunteer studies have not demonstrated this increased 
bioavailability of morphine after buccal administration.” Sublingual 
opioids were used more than 20 years ago by Brown,’ who found 
sublingual phenazocine to be as effective as intramuscular phenazocine 
for postoperative analgesia. Buprenorphine, a partial agonist/antagonist 
seems particularly suitable for sublingual use. It has good lipophilic 
properties (five times morphine) and presents high bioavailability (55% 
of the dose).” It is a potent analgesic with a long duration of action 
(0.4 mg given sublingually lasts approximately 8 hours). However, the 
terminal elimination half-life is much shorter (5 hours), and the pro- 
longed duration of action has been explained by the high affinity, slow 
association, and even slower dissociation from opioid receptors found 
for buprenorphine.* ? Because of the high hepatic clearance of bupren- 
orphine, any drug that is accidently swallowed is effectively metabo- 
lized and cleared by the liver and does not participate in the drug 
effects. Sublingual absorption of buprenorphine is slow, with peak 
plasma concentrations occurring 90 to 360 minutes after administration” 
(Fig. 1). Mandatory sublingual buprenorphine, 0.4 mg, administered 
every 6 or 8 hours postoperatively after abdominal surgery” or total 
hip replacement,” respectively, produced good analgesia as the sole 
method of pain control. Double-blind comparisons with intramuscular 
morphine” and papaveretum™ demonstrated a slow onset and pro- 
longed duration of action of buprenorphine. There was no difference 
in the analgesic quality or the incidence of side effects between bupren- 
orphine and the systemically applied opioids in these studies. 

Other clinical trials have shown equivalent analgesia postopera- 
tively when compared with comparable doses of intramuscular mor- 
phine,”* meperidine,” or buprenorphine.” “ Sublingual buprenorphine 
is especially suitable for children,” who are often unwilling to accept 
intramuscular injections of opioids. Due to the slow onset of analgesia 
with sublingual buprenorphine, a loading dose is usually given intra- 
venously toward the end of surgery or in the postanesthetic care unit 
(PACU). 
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Figure 1. Mean buprenorphine plasma concentrations (ng/mL. + SE) following two doses 
of sublingual buprenorphine. (From Bullingham R, Mcquay H, Porter E, et al: Sublingual 
buprenorphine used postoperatively: Ten-hour plasma drug concentration analysis. Br J 
Clin Pharmacol 13:665, 1982; with permission.) 


RECTAL ADMINISTRATION 


The rectal administration of opioids for acute analgesia has not 
received a great deal of prominence primarily from cultural or social 
objections rather than pharmacologic or pharmacokinetic defects.” The 
rectal mucosa, the site of primary absorption of any analgesic drug, 
has a surface area of 200 to 400 cm?, approximately 500 to 1000 times 
smaller than the small intestine. Opioids are absorbed through the 
mucosa into the submucosal venous plexus, which drains into the 
superior, middle, and inferior rectal veins. The superior vein drains 
into the portal system and then into the liver, whereas the middle and 
inferior veins drain into the systemic circulation via the internal iliac 
veins and inferior vena cava. The individual variability of the watershed 
between portal and systemic circulations makes it difficult to predict 
how much of a drug placed in the rectum will be absorbed into either 
the portal or systemic circulation. The main advantage of the rectal 
route is that it is independent of intestinal motility, gastric emptying, 
and the presence of nausea and vomiting. Morphine is the most widely 
used opioid given by suppository and has been studied almost exclu- 
sively in association with the relief of chronic pain of neoplastic 
origin.® % The vehicles for the suppositories have been either fatty 
substances or tablets in a gelatine capsule, neither of which have 
provided satisfactory, prolonged administration. Studies assessing the 
absorption of morphine from solution or in a starch hydrogel paste 
have shown a wide range of bioavailability with a mean rectal/parenteral 
ratio of about 30%, which indicates a similar or better absorption 
rectally than orally.” ® Hanning et al* have developed a morphine 
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hydrogel suppository to provide analgesia in acute postoperative con- 
ditions. Hydrogels are inert, hydrophilic polymer gels that can be 
impregnated with water-soluble drugs like morphine. The drug is held 
within the polymer matrix in the dry state and released on rehydration 
in a predictable and reproducible manner. By shaping the morphine 
hydrogel suppository into a cylinder and arranging the concentration 
of morphine to be greatest on the inner and outer surfaces of the 
suppository, Hanning et al** were able to achieve a plasma pharmaco- 
kinetic profile in four patients, suggesting administration of an initial 
bolus followed by an infusion (Fig. 2). In addition, Hanning et al” 
performed several open pilot studies using two halves of morphine 
hydrogel suppository joined together, which have produced promising 
results in small groups of patients for postoperative analgesia. 


TRANSDERMAL ADMINISTRATION 


The transdermal route is the most recent technique of opioid 
administration to be developed and holds significant potential for acute 
pain control. It will be reviewed in some detail here. The interest in 
this route is related primarily to the advances in the use of prolonged 
action medication,” which have resulted in the development of the 
transdermal therapeutic system (ITS). TTS has been successful in 
providing effective, stable serum levels in the chronic use of glyceryl 
trinitrate for the treatment of angina,*® hyoscine for motion sickness,” 
clonidine for hypertension,* and estrogen replacement therapy.” The 
advantages® of an uncomplicated prolonged action delivery system 
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Figure 2. Plasma morphine concentrations after the administration of a morphine hydrogel 
suppository. (From Hanning CD, Vickers AP, Smith G, et al: The morphine hydrogel 
suppository: A new sustained release rectal preparation. Br J Anaesth 61:221, 1988; with 
permission.) 
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providing stable serum levels has prompted investigation into the use 
of opioids (primarily the lipid-soluble synthetic opioids fentanyl and 
sufentanil) when administered transdermally for postoperative analge- 
sia. Fentanyl in particular has the advantage of few cardiovascular and 
sedation-related side effects, and these features coupled with its lipid- 
soluble properties, allowing percutaneous absorption, make it an at- 
tractive candidate for a TTS patch system. The major obstacle to drug 
absorption is the stratum corneum where diffusion occurs primarily via 
the intercellular lipid medium.” Advantages of TTS-fentanyl include 
decreased gastrointestinal degradation and first-pass hepatic metabo- 
lism, stable plasma concentrations, improved patient compliance 
through extreme ease of administration, multiday dosage, and de- 
creased risk for any infective process due to lack of needle usage.” The 
major disadvantage of TTS-fentanyl is the inability of the system to 
respond rapidly to increasing or decreasing analgesic requirements or 
to the approximately fivefold degree of variability in analgesic require- 
ments between patients. In addition, the potential for abuse with this 
system may be great. There are four systems that have been developed 
that provide effective transdermal drug delivery.” The TTS-fentany] 
patch uses the membrane permeation model (Fig. 3). In this system a 
drug reservoir is formed from a shallow compartment molded from a 
drug-impermeable laminate, and the open surface of the compartment 
is covered by a microporous rate-controlling membrane. The outer 
surface of this membrane is coated by an adhesive polymer that is in 
contact with the skin. Large amounts of fentanyl (up to 10 mg) are 
present in the reservoir in a gel matrix to provide a driving force for 
diffusion. Increased systemic requirements are accommodated by in- 
creasing the size of the TTS-fentanyl patch (25, 50, 75, 100 cm’). These 
different patch sizes provide sustained fentanyl infusion rates of ap- 
proximately 25, 50, 75, and 100 y/h over periods of up to 72 hours. A 
substantial amount of fentanyl remains within the system on removal 
of the patch, which increases the abuse potential of the TTS-fentanyl 
system. In one study using TTS-fentanyl 100 patches 1.07 + 0.43 mg 
of fentanyl remained in the patches after 24 hours of use. An important 
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Figure 3. Schematic of membrane permeation transdermal delivery system. (From Tarver 
SD, Stanley TH: Alternative routes of drug administration and new drug delivery systems. 
In Stoelting RK, Barash P, Gallagher TJ (eds): Advances in Anesthesia, vol 7. Chicago, 
Year Book, 1990, p 337; with permission.) 
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feature of the TTS-fentanyl patch is that the skin layers, especially the 
dermis, act as a secondary reservoir that requires filling before sustained 
systemic absorption occurs. Continued absorption occurs from the skin 
reservoir after the patch is removed. This characteristic has a marked 
effect on the pharmacokinetics of the system. 


Pharmacokinetics 


The TTS-fentanyl system is based on the concept that there is a 
relationship between plasma-fentanyl concentration and analgesia. The 
literature relating to the pharmacokinetic characteristics of the system 
have been well summarized in several recent reviews. %3 In general, 
once the TTS-fentanyl patch is applied, the plasma-fentanyl concentra- 
tion increases over 12 to 18 hours until a plateau develops. The plateau 
plasma-fentanyl concentration remains fairly constant until the patch is 
removed at which time the plasma concentration decreases slowly, 
with an apparent half-life of 15 to 21 hours. The application of the TTS- 
fentanyl 50, TTS-fentanyl 75, and TTS-fentanyl 100 patches produce 
average plasma concentrations of 1.0, 1.5, and 2.0 ng/mL. However, 
these concentrations may vary up to 200% of the target levels for 
individual patients. Plasma concentrations such as these can provide 
adequate analgesia for a variety of postoperative situations, with the 
higher concentrations necessary for more major surgery (e.g., posttho- 
racotomy).”* Several authors have measured pharmacokinetic parame- 
ters over a 24-hour period for different sized TTS-fentanyl systems. 
Duthie et al’ used a TTS-fentanyl 100 patch and measured peak plasma 
concentrations between 1.5 and 2.0 ng/mL. Holley and Van Steennis” 
also used a TTS-fentanyl 100 patch and found peak serum fentanyl 
concentrations of about 2.4 ng/mL at 24 hours. Varvel et al® have 
performed a detailed pharmacokinetic study in eight patients 24 hours 
after major surgery. Using an intravenous fentany] infusion at induction 
they first determined individual fentanyl pharmacokinetics for each 
subject and then placed TTS-fentanyl 100 patches on the patients 24 
hours later for a 24-hour period. Relatively constant serum fentanyl 
concentrations were seen from 14 to 24 hours (1.8 + 0.8 ng/mL) 
although peak concentrations ranged from 1 to 3.8 ng/mL. This study 
was able to estimate the mean bioavailability (0.92 + 0.33) of fentanyl 
by calculating the total fentanyl absorbed and measuring the total 
fentanyl delivered (residual fentanyl in the patch). The high bioavail- 
ability indicated negligible cutaneous metabolism and no significant 
first-pass drug loss. Gourlay et al” assessed a mixture of TTS-fentany] 
patches (TTS-fentanyl 50, 75, 100 systems) although 8 of the 13 patients 
used the TTS-fentanyl 75 patch. In this study significant discrepancies 
were found in the actual delivery rate of fentanyl for patches with the 
same nominal delivery rate. The range of actual delivery rates was 48 
to 213 g/h, with a mean of 95 + 38 wg/h. In another 24-hour patch 
application study, Caplan et al,” using a TTS-fentanyl 50 patch, re- 
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corded peak serum fentanyl levels of 1.04 + 0.43 ng/mL at 24 hours, 
which decreased to 0.75 + 0.47 ng/mL 12 hours after patch removal. 
Longer TTS-fentanyl patch application periods have been studied by 
Larijani et al. A TTS-fentanyl 75 patch was applied to 10 patients and 
left in place for 72 hours. The mean concentration was 1.5 + 0.5 ng/ 
mL, which remained stable for the 72-hour period. The decrease in 
fentanyl concentration after patch removal had a half-life of 19.6 + 5.2 
hours. 


Analgesic Effects 


Analgesic effectiveness of TTS-fentanyl patches for acute pain has 
been exclusively measured in postoperative pain studies. Pain control 
has been quantified by visual analogue scoring (VAS) systems and by 
parenteral opioid requirements postoperatively. 

In general the clinical studies fall into either an open-label de- 
sign” > * 72 2° or formal double-blind, randomized, placebo-controlled 
clinical trials of TTS-fentanyl versus standard postoperative analgesic 
regimens” '* 9. 38, 3, 41, 2 (Table 1). 

Holley and van Steennis,” in an open-label study, used a TTS- 
fentanyl 100 patch applied 2 hours preoperatively to eight patients 
(seven thoracotomy, one lumbar fusion). Intraoperatively, 300 wg of 
fentanyl was given. There were no differences in pain scores compared 
with patients receiving intravenous infusions of fentanyl although no 
details were reported. The mean morphine requirement over the 24- 
hour study was 14.6 + 6 mg, similar to that in patients who received 
a fentanyl infusion of 100 p/h. Sixty percent of the postoperative 
morphine supplementation was required in the PACU, and this is a 
recurring observation in many of these studies.” Respiratory depression 
or side effects were not reported. 

In 13 patients undergoing abdominal surgery Gourlay et al” applied 


Table 1. TRANSDERMAL THERAPEUTIC SYSTEM WITH 
DEMOGRAPHIC DATA OF COMPARATIVE 


STUDIES 
TTS-Fentany! APPL/DURN Intraoperative 
Study No. Surgery Anesthesia (ug/h) (h/h) Opioid Dose 
Plezia (1988) 43 Orthopedic General TTSF-75 2/36 200 pg F 
v. Bormann (1988) 40 Hip Epidural TTSF-75 0.5/24 0 
replacement 
Caplan (1989) 42 Shoulder Interscalene TTSF-75 0/24 100 pg F 
repair block 
Rowbotham (1989) 30 Upper General TTSF-100 2/24 200 pg F 
abdominal 
McLeskey (1990) 54 Lower General TTSF-50 2/24 100 pg F 
abdominal 
Sandler (1991) 20 Lower General TTSF-50 2/72 5 pg/kg S 
abdominal TTSF-75 


Abbreviations: TTSF = TTS-fentany! patch; APPL = time of TTS-fentanyl application preoperatively; 
DURN = duration of TTS-fentanyl use; F = fentanyl; S = sufentanil. From Sandier AN: Transdermal 
fentanyl: Acute analgesic clinical studies. Journal of Pain and Symptomatic Management 1992, in press; 
with permission. 
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a variety of TTS-fentanyl patches just before surgery (most were TTS- 
fentanyl 75 patches) and then changed them 24 hours postoperatively. 
The second patches were removed after 24 hours. One hundred to 
200 pg of fentanyl were given intraoperatively. Pain scores were not 
formally reported, but all patients required supplementary meperidine 
postoperatively, particularly in the first 12 hours. Eleven patients were 
nauseated and, most importantly, three patients demonstrated respi- 
ratory depression as bradypneic episodes. Bell et al,™ in another open- 
label study, assessed the TTS-fentanyl 75 patch in two small groups of 
patients. One group had the patch changed every 24 hours for 3 days, 
whereas the other group had the same patch applied for 72 hours. 
Patches were applied 2 hours before surgery, and all patients were 
given 300 ug of fentanyl intraoperatively. Pain scores were highest 
during the first 24 hours postoperatively for both groups as were 
supplemental morphine requirements. On the basis of respiratory rate 
there was no evidence of respiratory depression. The incidence of 
nausea and vomiting was much higher (up to 36%) in the group who 
had the TTS-fentanyl patches replaced every 24 hours. 

In addition to these open-label studies there have been several 
well-designed clinical trials evaluating the TTS-fentanyl patch. These 
studies are summarized in Tables 1 to 4. 

Plezia et al, using a TTS-fentanyl 75 patch, were unable to 
demonstrate a significant difference in pain scores between the active 
and placebo groups in their study, although Caplan et al," Rowbotham 
et al,” and McLeskey® found significant between-group differences in 
pain scores in their studies, the TTS-fentanyl groups having lower pain 
scores than the placebo group (Table 2). Similarly, although almost all 
patients required supplemental opioid analgesics, Caplan et al, Row- 
botham et al,” and McLeskey® all found significantly lower analgesic 
requirements in the TTS-fentanyl patients, whereas the other studies” * 
4 2 found decreased (nonsignificant) analgesic requirements (Table 3). 

Side effects were variable in both types of studies. Bell and 
Goldberg? reported an incidence of nausea and vomiting of approxi- 
mately 30% if new patches were applied each day, whereas Gourlay et 
al” found nausea occurring in 85% of their patients. Plezia et al® 
described an approximately 30% incidence of nausea and vomiting in 
both the TTS-fentanyl and placebo groups in their study. Caplan et 


Table 2. TRANSDERMAL THERAPEUTIC SYSTEM WITH 
PAIN CONTROL IN COMPARATIVE STUDIES 





Study Postoperative Pain Control 
Plezia (1988) No between-GP differences 
Sandler (1991) No between-GP differences 
v. Bormann (1988) TTSF GP-decreased pain 
Caplan (1989) TTSF GP-significantly less pain 
Rowbotham (1989) TTSF GP-significantly less pain 
McLeskey (1990) TTSF GP-significantly less pain 


Abbreviations: TTSF = fentanyl patch; GP = patient group. From Sandler AN: Transdermal 
fentanyl: Acute analgesic clinical studies. Journal of Pain and Symptomatic Management 1992, in press; 
with permission. 
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Table 3. TRANSDERMAL THERAPEUTIC SYSTEM WITH 
POSTOPERATIVE OPIOID REQUIREMENTS IN 


COMPARATIVE STUDIES 
Study Postoperative Opioid Required 

Plezia (1988) TTSF GP decreased morphine use 

v. Bormann (1988) TTSF GP decreased meperidine use 

Sandler (1991) TTSF GP decreased morphine use 

Caplan (1989) TTSF GP significantly decreased morphine use 
Rowbotham (1988) TTSF GP significantly decreased morphine use 
McLeskey (1990) TTSF GP significantly decreased morphine use 





Abbreviations: TTSF = TTS-fentanyl patch; GP = patient group. From Sandler AN: Transdermal 
fentanyl: Acute analgesic clinical studies. Journal of Pain and Symptomatic Management 1992, in press; 
with permission. 


al, in a detailed analysis of side effects, recorded a higher incidence 
of nausea and vomiting (30%—70%) and other side effects in both TTS- 
fentanyl and placebo groups. Respiratory depression, the potentially 
most serious problem, was also reported in several of the studies” * 18- 
22, 38, 41 (Table 4). 

We have performed a pilot clinical trial of two TTS-fentanyl patches 
to assess the analgesic effectiveness and safety of the system in 
posthysterectomy patients before the performance of a larger definitive 
study.“ # In this study 20 patients (ASA 1-2) undergoing abdominal 
hysterectomy were entered into a randomized, double-blind, placebo- 
controlled trial comparing two dosage levels of TTS-fentanyl. Group I 
(placebo, N =. 8), were treated with nonopioid TTS patches. Group H 
(N = 6) were treated with a TTS-fentanyl 50 patch, and group III (N 


Table 4. TRANSDERMAL THERAPEUTIC SYSTEM WITH 
RESPIRATORY DEPRESSION IN 
COMPARATIVE STUDIES 


Incidence 
Study Active Placebo Description Treatment 
Gourlay (1989) 3 — SRR (Ward) 1 patient, naloxone 
- 13 2 patients, O, mask 
Dose reduced 
Duthie (1988) 2 — SRR (Ward) TTS-fentanyl removed 
9 
Plezia (1988) 3 i AP (PACU) 2 patients, naloxone 
22 21 SRR (Ward) TTS-fentanyl removed 
Caplan (1989) 3 Q SRR (Ward) Patients aroused 
22 20 
v. Bormann (1988) 4 0 SRR (Ward) 1 patient, naloxone 
20 20 TTS-fentanyl removed 
Sandler (1991) 8 0 AP (Ward) O, mask 
12 8 SRR (Ward) 
DESAT (Ward) 


Abbreviations: SRR = slow respiratory rate (<10/min); AP = apneic episodes; DESAT = hemoglo- 
bin desaturation (<90%); Ward = SRR or AP occurring when patient returned to the ward; PACU = 
SRR or AP occurring in postanesthetic care unit. From Sandler AN: Transdermal fentanyl: Acute 
analgesic clinical studies. Journal of Pain and Symptomatic Management 1992, in press; with permission. 
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= 6) with a TTS-fentanyl 75 patch. Blinding was achieved by applying 
the two-different sized patches (active or placebo) to all patients, 
producing the required fentanyl/placebo combinations. TTS patches 
were applied 2 hours preoperatively after diazepam premedication. 
Patients were given a standard general anesthetic, including sufen- 
tanil, 0.5 mg/kg, thiopentone, 3 to 5 mg/kg, pancuronium, 0.1 
mg/kg, N,O, and isoflurane. Postoperatively on the ward, all patients 
used a morphine-loaded patient-controlled analgesia device as required 
for supplementary analgesia. In the PACU patients were prompted at 
5- to 10-minute intervals for intravenous morphine supplementation 
(1-2 mg) if in pain. Patients were monitored continuously by trained 
nursing personnel for 72 hours after patch application and for 12 hours 
after patch removal. Analgesia was assessed by VAS (VAS 0 = no 
pain, 10 = maximum pain) and hourly morphine requirement. Respi- 
ratory effects were monitored continuously with respiratory inductive 
plethysmography and pulse oximetry for 8 hours preoperatively the 
night before surgery and 84 hours postoperatively. The use and cali- 
bration of the respiratory inductive plethysmograph have been de- 
scribed elsewhere.® 3 Slow respiratory rate was defined as less than 
10 breaths per minute for 5 minutes and apnea as tidal volume less 
than 100 mL for 15 seconds or longer. Arterial blood gases were drawn 
(under local anesthesia) if repeated episodes of hemoglobin desaturation 
less than 90% or respiratory rate less than 8/min occurred (Table 5). On 
analysis of the data there were no significant differences between 
groups for age, weight, height, or duration of surgery. There were no 
significant differences between groups for the four hourly VAS scores 
although there was a tendency for group III patients to have the lowest 
VAS scores (Fig. 4). Also, there were no significant differences in 
morphine requirements between groups in the PACU either (hour 1 = 
10-15 mg per patient, hours 2, 3 = 2-10 mg per patient), although 
group If required much less morphine than the other two groups. 


Table 5. TRANSDERMAL THERAPEUTIC SYSTEM WITH 
FENTANYL FOR POSTHYSTERECTOMY ANALGESIA: 
ARTERIAL BLOOD GAS MEASUREMENTS 


Placebo TTS-Fentany! 50 TTS-Fentanyl 75 
(N = 0) (N = 3) (N = 5) 
Group Time (h) pH Paco, PaO, HCO, Reason 
TTS-75 9.9 7.36 48 63 29 RR 
TTS-75 34 7.38 42 59 26 O,sat 
TTS-75 24 7.41 46 61 29 RR/O,sat 
TTS-75 13 7.35 47 78 27 RR 
TTS-75 27 7.42 47 63 30 O,sat 
TTS-50 29 7.37 47 67 28 O,sat 
TTS-50 10 7.31 53 71 27 RR 
TTS-50 8 7.34 48 71 26 RR 


Abbreviations: RR = respiratory rate; O2 sat = hemoglobin saturation less than 90%; Time = time 
after TTS-fentanyl application. 

See text for discussion of Table 5. 

From Sandler AN: Transdermal fentanyl: Acute analgesic clinical studies. Journal of Pain and 
Symptomatic Management 1992, in press; with permission. 
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Figure 4. Mean four-hourly VAS pain scores in posthysterectomy patients enrolled in a 
pilot double-blind, placebo-controlled trial of TTS-50 and TTS-75 fentanyl patches. The high 
VAS scores ai 4 hours denote fhe period in the PACU. TTS-75 fentanyl patients tended to 
have the lowest VAS scores. (From Sandler AN: Transdermal fentanyl: Acute analgesic 
clinical studies. Journal of Pain and Symptomatic Management 1992, in press; with 
permission.) 


Similarly, although there were no significant between-group differences 
in morphine requirements on the ward (probably related to the small 
sample sizes), group II (TTS-50) and group III (TTS-75) patients tended 
to use less patient-controlled analgesia morphine (Fig. 5). There were 
significantly more episodes of slow respiratory rate in the first 24 hours 
postoperatively in the TTS-fentanyl groups (Fig. 6) and a tendency to 
more episodes of apnea in the TTS-fentanyl up to 36 hours postopera- 
tively (Fig. 7). Hemoglobin saturation also decreased more prominently 
in the TTS-fentanyl groups early in the postoperative period, although 
these changes were not statistically significant (Fig. 8). Eight patients, 
all in the TTS-fentanyl groups, required arterial blood gas determination 
for the criteria described previously (Table 5). This pilot study found 
similar results to the other comparative studies discussed previously, 
but also has indicated that the early postoperative period may be the 
time when patients are most vulnerable to respiratory depression with 
TTS-fentanyl patches. This problem may be decreased if the TTS- 
fentanyl patch is applied earlier than 2 hours preoperatively, thus 
possibly decreasing the supplementary opioid analgesic requirements 
in the PACU. A further, definitive, large-scale study similar to the pilot 
study is currently underway in our institution. 
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Figure 5. Hourly morphine requirements (mean + SD) in posthysterectomy patients enrolled 
in a pilot double-blind, placebo-controlled trial of TTS-50 and TTS-75 fentanyl patches.* ? 
The placebo group used PCA morphine alone and tended to have uniform morphine 
requirements for the 72-hour postoperative monitoring period, whereas the TTS fentanyl 
groups had reduced requirements. (From Sandler AN: Transdermal fentanyl: Acute anal- 
gesic clinical studies. Journal of Pain and Symptomatic Management 1992, in press; with 
permission.) 
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CONCLUSION 


TTS-fentanyl patches are probably as efficacious as intravenous 
infusions of the same dose at the same delivery rate” but lack the rapid 
adjustability of intravenous infusions. In addition, many patients will 
require small amounts of analgesic supplementation while the patch is 
in situ. The application of the patch 2 hours preoperatively requires the 
administration of relatively large amounts of opioid analgesic in the 
PACU and this may be a contributing factor to early postoperative 
respiratory depression. Nimmo” has summarized the advantages and 
the disadvantages of the TTS-fentanyl patch as follows: advantages 
include ease of use, physician controlled, high patient acceptability, 
effective analgesic method, and nonlabor intensive; disadvantages in- 
clude nontitratable, preselected dose, slow onset and preoperative patch 
application, requirement for supplemental analgesic, especially in 
PACU, and possible (although unlikely) toxic effects after patch re- 
moval. Nimmo” emphasizes and we agree that there is a need for the 
same nursing monitoring used for the same dose of systemic opioid 
given by any alternative route when TTS-fentanyl patches (or any form 
of effective opioid analgesic technique) are used. 
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Figure 6. Episodes of SRR (mean + SD, see text) in posthysterectomy patients enrolled 
in a pilot double-blind, placebo-controlled trial of TTS-50 and TTS-75 fentanyl patches.*" ° 
There were more SRR episodes in the TTS fentanyl groups in the first 24 hours 
postoperatively, especially in the TTS-75 fentanyl group. 
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Figure 7. Apneic episodes (mean + SD, see text) in posthysterectomy patients enrolled in 
a pilot double-blind, placebo-controlled trial of TTS-50 and TTS-75 fentanyl patches.‘ ? 
The TTS fentanyl groups tended to have more apneic episodes in the first 24 to 36 hours 
postoperatively. 
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Figure 8. Hemoglobin saturation (mean + SD, see text) in posthysterectomy patients 

enrolled in a pilot double-blind, placebo-controlled trial of TTS-50 and TTS-75 fentanyl 


patches.*': 2 Hemoglobin saturation was lower in the TTS fentanyl groups for up to 48 hours 
postoperatively. 
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SUMMARY 


Current investigation is evaluating several novel techniques of 
opioid administration for acute (postoperative) analgesia. The under- 
lying concept is to mimic a continuous intravenous infusion and provide 
stable, nontoxic, therapeutic plasma concentrations for prolonged pe- 
riods in a simple, easy-to-use fashion. The promising techniques that 
are currently or likely to be widely available in the near future include 
buccal and sublingual opioids (morphine, buprenorphine), rectal hy- 
drogel suppositories (morphine), and transdermal opioids (fentanyl, 
sufentany]l). 
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PATIENT-CONTROLLED 
ANALGESIA 


F. Michael Ferrante, MD 


A HISTORICAL PERSPECTIVE 


The first demonstration of a patient-controlled analgesia (PCA) 
infuser in the United States occurred in 1984. Since that time, there has 
been a veritable explosion of interest in PCA as an analgesic modality. 
This interest in PCA, and more effective postoperative analgesia in 
general, is not related to the development of new and better analgesic 
agents. Rather, it is the appreciation that PCA represents a more 
optimal mode of administration of perfectly adequate analgesic agents. 
The factors responsible for this reappraisal of traditional modes of 
analgesic administration are both scientific and economic: 


1. The intramuscular administration of opioids on a pro re nata or 
fixed time schedule cannot provide uniform analgesia or consis- 
tent analgesic blood levels in the majority of patients. This is 
simply the result of the pharmacokinetic properties of opioids. 

2. Novel bioengineering and new technology have allowed the 
development of sophisticated, safe, “user-friendly” infusion 
devices. Such devices remove the logistic difficulties of admin- 
istration of small doses of intravenous opioids at frequent 
intervals by health professionals. 

3. Nonphysician health care providers, i.e., hospital administrators 
and insurance companies, are increasingly interested in cost 
containment. Improvements in postoperative analgesia can 
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potentially reduce the morbidity and length of stay of surgical 
patients, resulting in significant cost reductions. 


Thus, intravenous PCA stands increasingly poised to supplant 
intramuscular opioids as the mainstay of analgesic therapy. 

Before discussion of intravenous PCA with opioids, it is important 
to note that PCA is much more than a modality. In a much broader 
sense, PCA is a conceptual framework for the administration of anal- 
gesics. The average practitioner assumes the term PCA to imply the 
on-demand, intermittent, intravenous administration of opioids. The 
broader concept of PCA is not restricted to a single class of analgesics 
or single route or mode of administration (Table 1). Any analgesic given 
by any route of administration (e.g., oral, subcutaneous, or epidural) 
can be deemed to be PCA if administration is on immediate patient 
demand in plentiful quantities. 

With this important clarification now made, I begin the discussion 
of intravenous PCA by explaining the problems inherent in the use of 
traditional analgesic regimens. 


TRADITIONAL ANALGESIC REGIMENS 


The barriers to satisfactory analgesia with traditional intramuscular 
or continuous intravenous opioid regimens are twofold: (1) pharmaco- 
kinetic and (2) educational and attitudinal. 


The Patient-Controlled Analgesia Paradigm 


Opioid analgesia is achieved when the plasma concentrations reach 
a specific effective level distinct for the individual patient (MCP, Fig. 
1). For a small increase in plasma concentration, there is a rapid decrease 
in the appreciation of pain. The nadir of the perceived pain defines the 
minimal effective analgesic concentration (MEAC). For concentrations 
above MEAC, there is no further increase in the intensity of analgesia. 


Table 1. PATIENT-CONTROLLED ANALGESIA AS AN 
ANALGESIC CONCEPT 


Classes of analgesics Modes of administration 
Benzodiazepines Demand dosing'® * 
Local anesthetics'® 19. 2.31 Infusion-based systems% 
Opioids*”: 12. 15. 17, 22, 24, 26, 35, 36 Constant-rate infusion plus demand dosing™ 3 


Routes of administration 
Epidural'® 19, 20, 31, 33 
Intravenous? 7, 12, 15, 17, 22, 24, 26, 35 
Subcutaneous‘ 5 
Sublingual“ 

Transbuccal’ 


Use of PCA does not imply the use of opioids or the intravenous route of administration. 
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Figure 1. The relation between plasma concentration of opioid and analgesia. For a minimal 
increase in opioid concentration above the maximum concentration associated with severe 
pain (MCP), there is a rapid decrease in pain. The nadir of the perceived pain is called the 
minimum effective analgesic concentration (MEAC). (From Austin KL, Stapleton JV, Mather 
LE: Relationship between blood meperidine concentrations and analgesic response: A 
preliminary report. Anesthesiology 53:460, 1980; with permission.) 


For small decreases in concentration below MEAC, there is rapid 
appreciation of pain. MEAC exhibits considerable interpatient variabil- 
ity, perhaps explaining the large clinically observed interpatient varia- 
bility of analgesic requirements.” 

The relation among plasma opioid concentration, analgesia, and 
dosing interval defines the therapeutic effectiveness of a particular 
modality of opioid administration (Fig. 2) (excluding administration of 
opioids directly to the neuraxis). Intramuscular injections characteristi- 
cally yield unpredictable plasma concentrations. With multiple intra- 
muscular injections, individual peak concentrations can vary twofold. 
Similarly, time to peak concentration can vary threefold.’ Within any 
population of patients, peak concentrations can vary fivefold while time 
to peak concentrations can vary sevenfold.’ At the same time, plasma 
concentrations will fluctuate in phase with the dosing interval (Fig. 2). 
Calculations reveal that opioid concentrations exceed MEAC only 35% 
of the time during any 4-hour dosing interval.' 

Continuous intravenous infusions of opioids do improve controll- 
ability and prevent fluctuating opioid concentrations.” ® ® It is the 
natural history of postoperative pain that pain attendant from the 
operation decreases as time progresses. With continuous opioid infu- 
sions in the postoperative setting, frequent and repeated adjustments 
of the infusion rate are necessary because of the natural history of the 
pain and individual pharmacodynamics. Without frequent infusion rate 
adjustments, respiratory depression will occur with continuous infusion 
modalities used for postoperative analgesia. Continuous opioid infu- 
sions are better suited for situations in which the natural history of 
pain is relatively static (cancer pain). 
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Figure 2. The PCA paradigm. A statistical model for pain in patient-controlled analgesia 
and conventional intramuscular opioid regimens. (From Ferrante FM, Orav EJ, Rocco AG, 
et al: A statistical model for pain in patient-controlled analgesia and conventional intramus- 
cular opioid regimens. Anesth Analg 67:457—461, 1988; with permission of the International 
Anesthesia Research Society.) 


PCA avoids the variable absorption phenomena of intramuscular 
opioids and the logistical difficulties of frequent infusion rate adjust- 
ment with intravenous infusions. PCA allows on-demand, repetitive 
dosing of small amounts of opioids by the patient. When the patient’s 
plasma concentration falls below MEAC, the patient rapidly appreciates 
pain (steep concentration-analgesic response relation). Thus, patients 
use PCA to titrate their plasma concentration of opioid around MEAC. 
PCA provides more constant plasma levels of opioid’ “ 5 and more 
consistent analgesia.” 


Educational and Attitudinal Problems 


Knowledge deficits regarding opioid pharmacology and the atti- 
tudes of health care professionals about the goals of analgesic therapy 
form the second barrier to satisfactory analgesia with conventional 
opioid regimens. While the literature is replete with studies demonstrat- 
ing this knowledge deficit, * 1 27-2 3 the study of Marks and Sachar”? 
represents the most telling indictment. In what is now a classic study, 
32% of patients experienced severe pain despite provision of an anal- 
gesic regimen. Another 41% reported moderate distress. Physicians 
possessed significant misinformation and demonstrated an appreciable 
lack of sophistication regarding effective use of analgesics. Many phy- 
sicians underestimated the effective dose range, overestimated the 
duration of action, and exaggerated the dangers of respiratory depres- 
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sion and addiction for patients receiving meperidine in a therapeutic 
dose range.” 

With an appreciation of the problems inherent in the use of more 
traditional opioid regimens, let us now explore the pharmacology of 
patient-administered opioids. 


INTRAVENOUS PATIENT-CONTROLLED ANALGESIA 


Definition of Patient-Controlled Analgesia Modes and 
Dosing Parameters 


There are several modes of administration of PCA. Demand dosing 
is most commonly used. (A dose of fixed size is intermittently admin- 
istered by the patient.) A background constant-rate infusion can also 
be used to supplement patient demand (constant-rate infusion plus 
demand dosing). Increasing the background infusion rate places the 
technique more in the category of physician-controlled rather than 
patient-controlled analgesia. Less commonly available modes include 
infusion demand (where demands are granted as an infusion) and 
variable-rate infusion plus demand dosing (where a microprocessor 
monitors demands and controls the infusion rate accordingly). These 
infusion-based systems are not widely available and need to be studied 
further. 

For each PCA mode, there are basic variables: loading dose, 
demand dose, lockout interval, background infusion rate, and 1- and 
4-hour limits. Loading dose is the cumulative amount of opioid used 
to initially make the patient analgesic. The demand dose (incremental 
or PCA dose) is the quantity of analgesic given to the patient by self- 
administration on the perception of the need for additional analgesic. 
The lockout interval is the absolute time period between patient de- 
mands wherein the infuser will not administer analgesics. Provision of 
a lockout interval prevents overdosage by continual demand. Some 
PCA infusers allow provision of 1- and 4-hour limits, though the use 
and necessity of such limits is controversial. 

Any opioid can be administered under patient control. Guidelines 
for administration of several commonly used opioids are listed in Table 
2. Unfortunately, the development of guidelines for opioid administra- 
tion with PCA has been largely empiric. Much research is needed into 
the scientific basis for the choice of basic administration parameters.” * 


Individual Analgesic Requirements 


PCA is a dynamic, flexible modality because it allows patients to 
take as little, or as much, opioid as they desire. Therefore, PCA can 
accommodate patients’ widely divergent analgesic requirements. With 
PCA, individual differences in analgesic requirements are expressed in 
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Table 2. GUIDELINES FOR THE USE OF PATIENT- 
CONTROLLED ANALGESIA WITH SEVERAL 
COMMON OPIOIDS 


Drug Lockout Interval 

(concentration) Demand Dose (min) 
Fentanyl (10 pg/mL) 10-20 pg 5~10 
Hydromorphone (0.2 mg/mL) 0.05-0.25 mg 5-10 
Meperidine (10 mg/mL) 5-30 mg 5-12 
Methadone (1 mg/mL) 0.5-2.5 mg 8-20 
Morphine (1 mg/mL) 0.5-3.0 mg 5-12 
Nalbuphine (1 mg/mL) 1-5 mg 5-10 
Oxymorphone (0.25 mg/mL) 0.2-0.4 mg 8-10 


Analgesic requirements vary widely among patients. Age, the presence of severe disease, or the 
idiosyncrasies of individual drug handling may make dosage adjustment necessary. 


individual patterns of analgesic administration. Thus, by understanding 
the pharmacokinetic and pharmacodynamic factors affecting analgesic 
requirements, we can understand how patients may effectively (or 
ineffectively) use PCA. 


Pharmacokinetic Factors 


The contribution of pharmacokinetics on analgesic requirements in 
patients using PCA was studied by Tamsen and coworkers” “ * in a 
classic series of articles. The volume of distribution, distribution rate 
constant, and elimination rate constant for meperidine,” ketobemi- 
done,“ and morphine” were studied in patients undergoing laparot- 
omy. Pharmacokinetic parameters were found to have no relation to 
an individual’s hourly analgesic requirement. Pharmacokinetic varia- 
tions among patients had no influence on patients’ hourly demand for 
opioid using PCA. Mean plasma opioid concentration and MEAC, 
however, were found to significantly correlate with individual hourly 
opioid use. 


Pharmacodynamic Factors 


All opioids produce analgesia by mimicking the actions of endog- 
enous opioids. Thus, changes in levels of endogenous opioids or 
changes in opioid receptor numbers or affinities could influence anal- 
gesic requirements. Tamsen and coworkers examined the impact of 
CSF preoperative endogenous opioids on postoperative analgesic re- 
quirement. Before laparotomy, lumbar puncture was performed and a 
sample of CSF was obtained. Endogenous opioid content was deter- 
mined using a radioreceptor assay. Patients received a standardized 
anesthetic and meperidine via PCA for postoperative analgesia. Another 
sample of CSF, as well as a sample of central venous blood, was 
obtained 24 hours after surgery while patients used PCA. The concen- 
tration of meperidine was determined in these specimens. 
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A significant inverse relation was discovered between preoperative 
endogenous opioid concentrations in the CSF and individual postop- 
erative concentrations of meperidine in plasma (7? = 0.29, P < 0.05) 
and in CSF (7° = 0.43, P < 0.03) (Fig. 3). Patients with low preoperative 
endogenous opioid content in CSF administered more opioids postop- 
eratively by PCA in order to maintain higher concentrations in the 
plasma. Similarly, the converse was true. 

Tamsen et al hypothesized that endogenous opioids interact with 
exogenously administered opioids to influence analgesic demand and 
MEAC. The results of this study state that individual analgesic demand 
is dictated by individual CSF endogenous opioid content. While com- 
pelling, this contention is probably an oversimplified explanation of 
complex neurochemical and neurophysiologic events. If true, use of 
PCA would be “physiologic.” Recently, the results of Tamsen et al“ 
have been questioned.“ 


Psychological Factors 


If CSF endogenous opioid levels were the only determinant of how 
patients use PCA, PCA would be flawlessly efficacious (“physiologic 
theory”) in all patients. Patients would be machines, passively respond- 
ing to CSF opioid concentrations. A patient’s decision to press or not 
to press the demand button remains paramount irrespective of phar- 
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Figure 3. The inverse linear relationship between preoperative CSF levels of endogenous 
opioids (fraction |) and postoperative analgesic demand (CSF concentration of meperidine) 
while using PCA. (From Ferrante FM, Ostheimer GW, Covino, BG: Patient-Controlled 
Analgesia. Boston, 1990, p. 56; by permission of Blackwell Scientific Publications, Inc.) 
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macokinetic and pharmacodynamic considerations. Thus, the myriad 
factors of an individual’s psyche are involved in how a particular 
patient uses PCA. 

A basic tenet of PCA is that analgesia is more effective when the 
patient is in control, not the medical or nursing staff. The psychological 
construct of “locus of control’** ®. 4 refers to a set of beliefs about the 
relation between behavior and subsequent reinforcement. Patients with 
an internal locus of control perceive their health to be largely the result 
of their own actions. Patients with an internal locus of control adopt a 
more active, dynamic posture toward their environment. On the other 
hand, if patients believe that luck, chance, fate, or the intervention of 
powerful people (doctors and nurses) play more of a role in determining 
their health than their own actions, they are said to possess an external 
locus of control. Such individuals would be expected to adopt a more 
passive attitude toward their environment. A passive attitude toward 
pain or pain relief may make the patient unable to control his or her 
own analgesia effectively. 

Another psychological construct that may be important in deter- 
mining how effectively patients use PCA is “learned helplessness.” 
Learned helplessness refers to a behavioral pattern characterized by 
emotional, motivational, and cognitive deficits in coping, associated 
with the belief that no effective solutions are available to ameliorate a 
source of stress (such as pain). Learned helplessness may also lead to 
a paralysis of response and inability to effectively use PCA. 

Pain and satisfaction associated with use of PCA have been corre- 
lated with the results of psychometric testing using multiple regression 
analyses.” External locus of control did correlate with greater pain and 
dissatisfaction with PCA. The converse was also true. 

Much further work is certainly needed to elucidate the psycholog- 
ical factors involved in effective use of PCA. At the present time, 
through the aforementioned work” and other recent studies,“ we do 
know that psychometric testing is a viable tool to investigate factors 
that affect patients’ ability to use PCA. 


Safety 


When examining the complications associated with PCA, the in- 
herent safety of the modality is apparent. With approximately 50,000 
devices currently in use in the United States, review of the literature 
reveals few complications associated with PCA as a distinct technique. 
Problems are usually attributable to the individual drugs being admin- 
istered rather than the device itself.* 7” = All problems that have been 
documented with use of PCA can be classified into three groups: 
(1) adverse reactions and side effects (drug related), (2) mechanical 
problems, and (3) user-related problems. 
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Adverse Reactions and Side Effects 


The incidence of nausea, vomiting, sweating, or pruritus associated 
with PCA is rarely greater than 10% to 20%. Ileus is reported, but it is 
difficult to distinguish opioid-induced ileus from other contributing 
variables (surgical technique, length of operation, type of surgery). In 
short, there is no evidence to suggest a greater incidence of these 
problems with use of PCA than with other techniques of opioid 
administration.’ . 

Opioids cause progressive central respiratory depression mani- 
fested as displacement of the CO, response curve or a change in 
breathing pattern. Respiratory depression is dose-dependent, with 
equianalgesic dosages of opioids causing equivalent degrees of respi- 
ratory depression. Clinically observed differences in the degree of 
respiratory depression are the result of the pharmacokinetics and 
pharmacodynamics of different opioids. * Such differences will be 
nullified at equianalgesic dosages under controlled conditions. Thus, 
the total dosage of opioid over a specified period of time is more 
important in the production of respiratory depression than the partic- 
ular opioid or the technique of PCA.* 


Mechanical Problems 


A review of Medical Device Reports of the Food and Drug Admin- 
istration regarding PCA reveals that few problems are truly attributable 
to mechanical failure. User error is the cause of problems in 67% of 
cases. Almost all reports of “continued” delivery are associated with 
misprogramming of the PCA infuser. 

Siphoning, however, is a mechanical problem. Excessive use of 
force in positioning the reservoir glass or plastic syringe can cause 
cracks in the reservoir. Build up of pressure within the reservoir can 
cause the crack to widen and entrain air into the system. This can lead 
to a constant flow of opioid into intravenous tubing and respiratory 
arrest. 

With refinements in infuser design (antisiphon valves, changes in 
reservoir mounting design) the incidence of siphoning is greatly re- 
duced. The incidence of cracked reservoirs in 1986 was 7.02 per 100,000. 
By 1987, this had been reduced to 1.45 per 100,000. Today, siphoning 
occurs because of user abuse of the system. 

One fatality has been associated with use of PCA.” The reason for 
the apparent overdose has not yet been determined. Siphoning or a 
true “runaway” delivery may have occurred. 


Machine—User Interface 


As stated previously, misprogramming and user error are much 
more often associated with problems with PCA than machine failure. 
Two cases of misprogramming have been reported in the literature.” 

No device is completely tamper-proof despite the best efforts of 
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manufacturers. Patients desiring to tamper with PCA infusers can be 
quite ingenious. Instruments have been devised by patients to slip 
behind locked plexiglass doors to gain access to dose buttons or opioid 
itself. Access codes to infusers can be memorized by patients.’ 

What conclusions can we draw from this review of complications 
associated with PCA? PCA infuser technology is safe. The sophistication 
and safety of PCA infuser design has been one of the motivating forces 
in the rapid growth and acceptance of PCA. 


SUMMARY 


An appreciation of the inadequacies of traditional routes of opioid 
administration, coupled with the development of safe user-friendly 
infusion devices can partly account for the recent, rapid, widespread 
appeal of PCA. More importantly, PCA is uniformly more effective 
than traditional opioid regimens. Notwithstanding academic arguments 
regarding pharmacokinetics, pharmacodynamics, bioengineering, and 
economics, it is the tremendous patient satisfaction with PCA * that 
really accounts for its widespread popularity. It is because of such 
widespread appeal that PCA is increasingly seen to supplant intramus- 
cular opioids as the mainstay of postoperative analgesic therapy. 
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NEW SYSTEMIC 
ANALGESIC AGENTS 


Mark S. Shulman, MD 


For centuries, opium and related alkaloids derived from opium 
have been the mainstay of analgesic therapy. Morphine, first isolated 
in 1806, is the gold standard by which all other analgesic agents are 
measured. Unfortunately, opioid analgesics have multiple well-known 
undesirable side effects. 

An ideal analgesic for postoperative pain would provide reliable 
pain relief for all patients, without causing nausea, excessive sedation, 
dysphoria, tolerance, pruritus, respiratory depression, sensory or motor 
blockade, constipation, urinary retention, cardiovascular instability, or 
drug dependence in either patient or health care worker. No such agent 
currently exists, but attempts are continually being made to develop 
systemic and local drugs that are effective and have as few side effects 
and as little abuse potential as possible. 

Several promising new analgesics are now available. One is dezo- 
cine, a short-acting w-agonist-antagonist. Another is ketorolac, a non- 
steroidal anti-inflammatory drug that inhibits prostaglandin synthesis 
and is a potent painkiller. a,-Agonists, such as clonidine, have analgesic 
properties when administered systemically and epidurally. Capsaicin 
is a topical agent that depletes substance P from small C fibers, thereby 
providing cutaneous analgesia. 


DEZOCINE 
Dezocine is a potent analgesic agent with opioid agonist-antagonist 


activity. The drug, first synthesized in 1973, is a bridged aminotetralin 
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with a structure similar to that of other agonist-antagonists, such as 
butorphanol and pentazocine (Fig. 1). 

The mechanism of action of dezocine primarily involves its partial 
-agonist activity. Dezocine has demonstrated morphine-like properties 
in comparative analgesic studies in human volunteers. When adminis- 
tered to subjects who had previously received morphine, dezocine 
increased the level of analgesia” (Fig. 2). This effect may be attributed 
to the agent's -agonist and minimal x-agonist activity. However, 
dezocine, unlike pentazocine, butorphanol, and nalbuphine, is primar- 
ily a p-agonist.© 

When binding sites were examined in rat brain tissue, dezocine 
was found to have a tenfold greater affinity for -receptors than for ô- 
receptors (which may modify a p-response) and a 40-fold greater affinity 
for p- than for «-receptors.” Although there has been one report of 
dysphoria occurring after high doses of dezocine in a human,” the 
drug has little affinity for the o-receptor. Other agonist-antagonist 
agents, such as nalorphine, nalbuphine, butorphanol, and pentazocine, 
have more psychomimetic effects, presumably because of their o- 
receptor actions.”* * The dependence liability of dezocine is considered 
to be minimal.” Currently, dezocine, nalbuphine, and butorphanol are 
the only agonist-antagonists commonly in use that are not controlled 
substances in the United States. Pentazocine is a controlled class IV 
drug, whereas buprenorphine is a controlled class V agent. 

There is some controversy about the abuse potential of dezocine. 
After long-term administration of dezocine to rhesus monkeys, none 
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Figure 1. Structure of dezocine, pentazocine, butorphanol, and morphine. (From O'Brien 
JJ, Benfield P: Dezocine: A preliminary review of its pharmacodynamic and pharmacokinetic 
properties and therapeutic efficacy. Drugs 38:226—248, 1989; with permission.) 
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Figure 2. Changes in tolerance to 
experimental pain and ventilation 
after 0.15 mg/kg doses of dezocine 
and morphine given alone and in 
combination. Values are mean + 
SEM for six subjects expressed as 
the percent change from control. 
V.60 denotes minute ventilation at 
Pco, equal to 60 mm Hg during re- 
breathing. The asterisk denotes a 
value significantly different from those 
achieved with all other treatments (P 
< 0.01). The + denotes a value 
significantly different from that ob- 
tained with morphine (P < 0.05). 
(From Gal TJ, DiFazio CA: Ventilatory 
and analgesic effects of dezocine in 
humans. Anesthesiology 61:716- + 
722, 1984; with permission.) Morphine Dezocine 
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of the animals had signs of withdrawal, either on abrupt cessation of 
dezocine or administration of nalorphine. In contrast, in similar studies 
of long-term administration of morphine and pentazocine, monkeys 
had withdrawal symptoms. Dezocine did precipitate withdrawal symp- 
toms when administered to morphine-dependent rhesus monkeys, with 
the symptoms being similar to those produced by nalorphine in mor- 
phine-dependent monkeys.” 

The ability of dezocine to cause withdrawal symptoms in morphine- 
dependent humans has not been studied. However, Jasinski and 
Preston” investigated the relative abuse potential of dezocine in 10 
nondependent drug abusers who were asked to compare the effects of 
subcutaneous doses of morphine (15 and 30 mg), dezocine (15, 30, and 
60 mg), and a placebo. They found that morphine and dezocine were 
equally potent and, in comparison with the placebo, caused pupillary 
miosis, increased liking, and euphoria. Subjects consistently identified 
both agents as “dope.” These findings contrast with those of studies 
of other agonist-antagonists, primarily k-agonist agents such as penta- 
zocine, which drug abusers do not readily identify as opioids.” Al- 
though Jasinski and Preston concluded that dezocine may be abused, 
they also maintained that because the drug’s effect reaches a plateau 
level with increasing dosage and studies in animals have shown no 
physical-dependence tendencies, dezocine has much less abuse poten- 
tial than traditional morphine p-type agents. 

The World Health Organization Expert Committee on Drug De- 
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pendence has recommended against scheduling dezocine as a controlled 
substance.” Further investigation is required to determine whether the 
drug can precipitate withdrawal symptoms in morphine-dependent 
humans and whether it has substantial dependence and abuse liabilities. 


Pharmacokinetics 


The only study of the pharmacokinetics of dezocine in human 
volunteers revealed that serum concentration time curves from single 
intravenous (IV) doses (5, 10, and 20 mg) were biphasic in nature, 
displaying a rapid initial distribution followed by a slow terminal 
elimination (Table 1). Dezocine has a large volume of distribution, 
indicating extensive extravascular or tissue uptake. Elimination occurs 
through a combination of renal excretion of the intact drug and 
metabolism, primarily in the liver. When given as an IV bolus dose, 
dezocine has a short half-life of 2.4 to 2.7 hours and a rapid clearance. 
This suggests the existence of other mechanisms of clearance, such as 
biliary excretion. 


Analgesic Activity 


The analgesic effect of dezocine is nearly equal to that of morphine 
and five to nine times that of meperidine. In a study of analgesic 
properties, dezocine was found to be comparable to morphine in 
altering volunteers’ response to tourniquet-induced ischemic pain.” 
Interestingly, the analgesic effect of dezocine reached a plateau at a 
dose of 0.3 mg/kg; higher doses did not further augment pain tolerance 
(Fig. 3). The analgesic effects of dezocine have been quickly reversed 
by naloxone in both laboratory and clinical studies.” 8! 


Table 1. PHARMACOKINETIC VARIABLES AFTER 
SINGLE DOSES OF DEZOCINE IN HEALTHY 


MEN 
No. of Dose Tw VD CLs 
Subjects Route (mg) (h) (L/kg) (L/h/kg) 
12 IV 5 2.6 12 3.1 
10 2.4-2.7 11 3.0 
20 2.8 9* 2.5* 
24 IM 10 2.2 
sc 10 25 





Abbreviations: T2 = mean elimination half-life; VD = volume of distribution; CLs = total body 
clearance; IV = intravenous; IM = intramuscular; SC = subcutaneous. 

“Values significantly different from those for 5- and 10-mg doses (P < 0.05). 

From Locniskar A, Greenblatt DJ, Zinny MA: Pharmacokinetics of dezocine, a new analgesic: Effect 
of dose and route of administration. Eur J Clin Pharmacol 30:121-123, 1986; with permission. 
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Figure 3. Altered responses to experi- 
mental pain after each of five successive 
0.15 mg/kg doses of dezocine. Values 
are mean + SEM for six subjects, ex- 
pressed as percent change from control. 
The asterisk denotes a value significantly 
greater than that observed with previous 
dose (P < 0.05). (From Gal TJ, DiFazio 
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dezocine in humans. Anesthesiology ‘ : 
61:716~-722, 1984; with permission.) Cumulative Dezocine Dose (mg/kg) 


Respiratory Effects 


Studies in healthy volunteers have demonstrated that the respira- 
tory depression associated with increasing doses of dezocine reaches a 
plateau (ceiling) level.” ” The effects of other agonist-antagonists, such 
as nalbuphine, also attain a respiratory-depression plateau with increas- 
ing doses.” Purely y-receptor opioid agonists, such as morphine, do 
not show such a ceiling effect with increasing doses.” 7° 

Two studies compared the effects on respiration of single doses of 
morphine and dezocine. Romagnoli and Keats” found that the effects 
of dezocine (10 mg/70 kg) had a more rapid onset (10 versus 24 minutes) 
and that the drug created more displacement of the carbon dioxide 
response curve (8.1 versus 5.8 mm Hg Paco,) when compared with the 
same dose of morphine. They also observed a plateau with respect to 
respiratory depression at doses of dezocine higher than 30 mg/70 kg, 
whereas the same doses of morphine continued to displace the carbon 
dioxide response curve (Fig. 4).” 

Gal and DiFazio” studied the ventilatory effects of dezocine and 
morphine in subjects on mouth-occlusion pressure at 60 mm Hg CO, 
and minute ventilation. They found that 0.15 mg/kg of dezocine caused 
more respiratory depression during the first hour after administration 
than the same dose of morphine. They also determined that a ceiling 
effect with respect to respiratory depression and analgesia occurred 
with doses of dezocine higher than 0.3 mg/kg.” 

When 0.15 mg/kg of dezocine was administered intravenously and 
followed by 0.15 mg/kg of morphine, the respiratory and analgesic 
effects observed were similar to those occurring with dezocine alone. 
In contrast, when 0.15 mg/kg of morphine was followed by 0.15 mg/kg 
of dezocine, the results were markedly different. The respiratory 
depression was identical to that occurring with the initial sequence of 
administration, but the analgesic effects were significantly greater than 
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Figure 4. Calculated dose-effect curves for respiratory depression by cumulative doses of 
morphine, dezocine, and nalbuphine. Slopes of the agonist-antagonist curves were signifi- 
cantly less than the morphine curves. (From Romagnoli A, Keats AS: Ceiling respiratory 
depression by dezocine. Clin Pharmacol Ther 35:367—373, 1984; with permission.) 


those achieved with dezocine given alone or first. These results are 
somewhat contradictory to what might be expected, because the finding 
that dezocine has antagonist properties in monkeys indicates that it 
should decrease analgesia and respiratory depression when adminis- 
tered after morphine in humans. 

The observation that dezocine increases analgesia when given after 
morphine has three possible explanations. First, dezocine may have 
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more affinity at the -receptor than does morphine. Second, the action 
of morphine at the p-receptor may be enhanced by the action of 
dezocine on the 8-receptor, which can influence the y-receptor. Finally, 
the action of dezocine at the x-receptor, though minimal, may increase 
morphine analgesia when morphine is given first.” 


Cardiovascular Effects 


In studies in animals, the principal hemodynamic effect of dezocine 
has been dose-related hypotension. When dogs were given an IV bolus 
of 20 mg/kg of dezocine with 1% enflurane, there was no change in 
heart rate, a 61% decrease in mean arterial pressure, a 40% reduction 
in cardiac output, and a 31% decrease in stroke volume. There were 
no significant differences in hemodynamics in dogs receiving a bolus 
of up to 5 mg/kg and control dogs. When dezocine was given as a 
bolus of 80 mg/kg, severe myocardial depression developed, with no 
change in systemic vascular resistance and filling pressures.* 

Lewis and Kirchner” found that a bolus dose of 8 mg/kg of dezocine 
in dogs did not affect heart rate, but did cause hypotension. When 
dezocine was given as a bolus of 2 mg/kg or when 8 mg/kg was infused 
over 2 minutes, blood pressure did not change. In addition, a bolus 
dose of 8 mg/kg did not increase plasma histamine levels.” 

The hemodynamic effects of dezocine in humans have been studied 
only in patients undergoing cardiac catheterization. At a dose of 0.125 
mg/kg (10 mg in an 80-kg person), dezocine caused a significant increase 
in cardiac index, stroke volume, and left ventricular stroke-work index 
and a significant decrease in systemic vascular resistance from baseline 
values. Dezocine caused no significant changes in heart rate, mean 
arterial pressure, and pulmonary capillary wedge pressure. There was 
a transient increase in mean pulmonary artery pressure and pulmonary 
vascular resistance.“ Although dezocine produced only minimal he- 
modynamic changes in subjects undergoing cardiac catheterization, the 
drug should be used with caution in patients with myocardial dysfunc- 
tion or ischemia until additional hemodynamic studies are conducted. 


Clinical Trials 


It is not easy to judge the efficacy and relative potencies of analgesic 
drugs. A drug’s apparent effects may vary greatly among patients 
because of the subjective nature of pain and the difficulty in quantifying 
the pharmacodynamic effects of opioids and any placebo response. In 
recent studies of fentanyl and sufentanil, electroencephalography was 
used to measure opioid pharmacodynamics.” Therapeutic trials with 
dezocine have used verbal and analogue pain scales or a 50% pain- 
relief scale.® 

Several placebo- and nonplacebo-controlled comparative studies 
have evaluated the efficacy of dezocine. Downing et al? found that 
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10 mg of intramuscular (IM) dezocine had the same analgesic properties 
as 10 mg of morphine, when given for postoperative pain (Fig. 5). They 
also determined that the drugs had the same onset time and a similar 
duration of action. When the dose of IM dezocine was increased to 15 
mg, it provided better analgesia than 10 mg of morphine.” 

In a double-blind, placebo-controlled investigation of IV dezocine 
and morphine, the analgesics provided significantly better postopera- 
tive pain relief than placebo. In comparisons of the two drugs, both 
physicians and patients gave dezocine a higher overall analgesia rat- 
ing.© 

Two studies have compared IM dezocine with IM meperidine for 
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Figure 5. Mean latency of onset (light gray and dark gray) and duration (black) of effective 
pain relief (= 50% on a six-point verbal scale) after single intramuscular doses of dezocine 
and morphine in 160 patients with moderate to severe pain. (Data from Downing JW, Brock- 
Utne JG, Barclay A, et al: Wy 16225 (dezocine), a new synthetic opiate agonist-antagonist 
and potent analgesic: A comparison with morphine for relief of pain after lower abdominal 
surgery. Br J Anaesth 53:59-64, 1981; and modified from O’Brien JJ, Benfield P: Dezocine: 
A preliminary review of its pharmacodynamic and pharmacokinetic properties and thera- 
peutic efficacy. Drugs 38:226-248, 1989; with permission.) 
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postoperative analgesia. A dose of 100 mg of meperidine was more 
effective than 10 mg of dezocine but not as effective as 15 mg of 
dezocine.* When compared with 50 mg of meperidine, 10 mg of 
dezocine was judged to be equally effective.* Both studies determined 
that dezocine was five to nine times as potent as meperidine. 

Two placebo-controlled, double-blind studies have compared de- 
zocine with butorphanol for postoperative pain.”” 7 Both analgesics 
were found to be superior to placebo, and 10 mg of IM dezocine was 
considered to provide the same or better analgesia than 2 mg of 
butorphanol. 

The most common adverse effects of dezocine are nausea, vomit- 
ing, somnolence, and prolonged sedation. The sedation produced by 
10 to 15 mg of IM dezocine has a peak effect similar to that of morphine 
but of shorter duration; it is maximal about 1 hour after the dose is 
administered.“ There have been isolated reports of respiratory depres- 
sion (with 15 mg of IM dezocine) and hypotension.® ® The hypotension 
responded to supportive measures,© and the respiratory depression 
was reversed by naxolone.*' Naloxone should easily reverse any respi- 
ratory depression due to dezocine because of the ceiling effect associated 
with the analgesic and the fact that it does not bind as tightly to the p- 
receptor as does buprenorphine. No overdoses of dezocine have been 
reported. 

Additional clinical studies of dezocine are needed. No investiga- 
tions of its use during general anesthesia (including its respiratory and 
hemodynamic effects in anesthetized patients) have been conducted. 
The use of spinal dezocine has been studied in dogs. Unfortunately, 
leptomeningeal reactions occurred after long-term administration; ad- 
ditional examinations of this phenomenon are needed. Other areas of 
investigation include the effect of dezocine on biliary pressure and 
histamine release, the use of dezocine to treat pruritus due to spinal 
opiates and to reverse opiate-induced respiratory depression, and the 
potential role of high-dose dezocine in cardiac anesthesia. 


KETOROLAC 


Ketorolac tromethamine is a member of the pyrrolo-pyrrole group 
of nonsteroidal anti-inflammatory drugs; its chemical name is (+)-5- 
benzoyl-1,2-dihydro-3H-pyrrolo[1,2a]pyrrole-1-carboxylic acid. The 
drug, which is structurally related to tolmetin and zomepirac (Fig. 6), 
has anti-inflammatory, antipyretic, and pronounced analgesic activity. 
In studies in animals, ketorolac has been found to be a more potent 
analgesic than aspirin, phenylbutazone, naproxen, or indomethacin.” 7 

Ketorolac’s mechanism of action as an analgesic has not yet been 
described. The agent does prevent prostaglandin synthesis by inhibiting 
cyclooxygenase, the principal enzyme that catalyzes the reaction with 
arachidonic acid to form prostaglandins (Fig. 7). 7” No evidence 
suggests that ketorolac has any opiate properties, because it does not 
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Figure 6. Structure of ketorolac, tolmetin, and zomepirac. (From Buckley MM-T, Brogden 
RN: Ketorolac: A review of its pharmacodynamic and pharmacokinetic properties and 
therapeutic potential. Drugs 39:86-109, 1990; with permission.) 


bind to p-, k-, or 8-receptors and, when used on a long-term basis and 
then stopped, it does not produce any of the withdrawal symptoms 
occurring with opioids.” * 

Because ketorolac does not bind to opiate receptors, it has no abuse 
potential, does not promote drug dependence, and will not precipitate 
withdrawal symptoms if it is suddenly discontinued after long-term 
administration.” 


Pharmacokinetics 


In the United States, ketorolac is currently (1991) approved only 
for IM use, although the IV formulation is being evaluated by the Food 
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Figure 7. Site of action of ketorolac. (© 1990, Syntex Laboratories, Inc.; with permission.) 
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and Drug Administration. The pharmacokinetics of a 30-mg IM dose 
have been studied in both young and elderly volunteers, as well as in 
patients with hepatic or renal dysfunction (Table 2). The plasma 
maximum concentration after an IM dose is reached in 45 to 50 minutes. 
The drug is highly protein bound® and has a small volume of distri- 
bution (0.17-0.25 L/kg).™ ° The terminal elimination half-life in healthy 
volunteers is 4.5 hours. In elderly patients, patients with hepatic 
dysfunction,® and those with renal dysfunction,™ the terminal elimi- 
nation half-life values are 7.0, 5.4, and 9.6 hours, respectively. The 
plasma clearance of ketorolac ranges from 0.027 L/h/kg in young 
volunteers to 0.016 L/h/kg in patients with renal dysfunction. The 
principal metabolic pathway of ketorolac is through glucuronic acid 
conjugation. Its major route of elimination is urinary excretion; up to 
90% of an administered dose may be recovered in the urine.” 

The pharmacokinetics of IM ketorolac are apparently most altered 
in elderly patients% and those with renal failure.“ As a result, the 
loading and maintenance doses given to them must be reduced appro- 
priately. Studies in patients with hepatic dysfunction have found that 
any alterations in the pharmacokinetics of ketorolac in this group were 
minimal and had no clinical importance. 

In pregnant patients, the ratio of fetal-to-maternal plasma concen- 
trations of ketorolac is lower than that of opioid analgesics.” Ketorolac 
is not recommended for obstetric analgesia because of the known effects 
of other drugs that inhibit prostaglandin synthesis on the fetal cardio- 
vascular system (closure of the ductus arteriosis) and on uterine con- 
traction. 

In a study in lactating women, a 10-mg oral dose of ketorolac 
produced a breast-milk concentration of 7.3 ng/mL.” Ketorolac should 
be used with extreme caution in nursing mothers because of its possible 
adverse effects on the cardiovascular system of neonates. 


Table 2. THE INFLUENCE OF AGE AND LIVER AND 
KIDNEY FUNCTION ON THE CLEARANCE AND 
TERMINAL HALF-LIFE OF KETOROLAC* 


Total Clearance Terminal Half-Life 
Subject Group (L/h/kg)t 

Normal subjects 0.026 4.5 
(n = 8) (0.017—0.046) (3.8-5.0) 

Patients with hepatic dysfunction 0.029 5.4 
(n = 7) (0.013-0.066) (2.2-6.9) 

Patients with renal impairment (n = 10) 0.016 9.6 
{0.007—0.043) (3.2-5.7) 

Healthy elderly subjects (n = 13) 0.019 7.0 
(0.013-0.034) (4.7-8.6) 


*Estimated from 30-mg single doses of ketorolac. 
tValues are mean (range). 
© 1990, Syntex Laboratories, Inc.; with permission. 
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Respiratory and Cardiovascular Effects 


When compared with morphine, 10 to 90 mg of IM ketorolac had 
virtually no effect on end-tidal Pco, and the carbon dioxide response 
curve in volunteers breathing carbon dioxide (Fig. 8). A minimal 
increase in arterial Pco, was observed when ketorolac was infused 
intramuscularly at a rate of 1.5 to 3.0 mg/h.” In a study comparing IV 
doses of 10 to 90 mg of ketorolac with IV morphine in anesthetized 
patients, ketorolac had no effect on mean arterial pressure, cardiac 
output, or systemic vascular resistance." 


Clinical Trials 


As with dezocine, the analgesic effects of ketorolac are difficult to 
measure because of the subjective nature of pain. Furthermore, there 
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Figure 8. Mean carbon dioxide shift. Time profiles following administration of single doses 
of 10 mg (Solid line) or 90 mg (smali-dashed line) of ketorolac, or 10 mg of morphine 
(large-dashed line) to nine healthy volunteers (error bars represent 1 SD). (From Brandon 
Bravo LJC, Mattie H, Spierdijk J, et al: The effects on ventilation of ketorolac in comparison 
with morphine. Eur J Clin Pharmacol 35:491—494, 1988; with permission.) 
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have been few clinical trials of ketorolac by independent investigators. 
No intraoperative studies have determined whether, when, and how 
much ketorolac affects the minimum alveolar concentration of inhalation 
agents. 

In a placebo-controlled study, IM ketorolac infused at 1.5 and 3.0 
mg/h provided significantly better analgesia after upper abdominal 
surgery than a saline infusion.” Ketorolac also decreased the morphine 
requirement for postoperative pain by one third in comparison with 
placebo.” In clinical trials comparing IM morphine with ketorolac, 30 
mg of ketorolac was found to be as effective as 12 mg of morphine 
against moderate postoperative pain.” * Figure 9 shows that 30 mg of 
ketorolac is equivalent to 90 mg of ketorolac in treating moderate pain. 
For severe postoperative pain, 90 mg of ketorolac is superior to 100 mg 
of meperidine” *' and 12 mg of morphine.*” ° Unfortunately, the 90- 
mg dosage regimen of ketorolac can cause gastric irritation when used 
on a long-term basis.” 
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Figure 9. Percentage of patients requiring remedication or terminating study because of 
inadequate pain relief in studies comparing IM ketorolac with opioid agents for postoperative 
pain for up to 6 hours; ** denotes ketorolac significantly better than 12 and 6 mg of morphine 
(P < 0.05); **° denotes 90 mg of ketorolac significantly better than 30 or 10 mg of ketorolac 
and 12 mg of morphine {P < 0.005). The t denotes ketorolac significantly superior (P value 
not stated). (From Buckley MM-T, Brogden RN: Ketorolac: A review of its pharmacodynamic 
and pharmacokinetic properties and therapeutic potential. Drugs 39:86-109, 1990; with 
permission.) 
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In doses of 30 to 60 mg, ketorolac will provide up to 6 hours of 
analgesia, whereas the equivalent doses of morphine will provide only 
3 to 4.2 The dosage regimen for IM ketorolac includes a loading dose 
of 30 to 60 mg, followed by a maintenance dose of 15 to 30 mg every 6 
hours.” 

Only one study has compared IV morphine with IV ketorolac for 
postoperative analgesia.” Evaluation of pain scores obtained 1 hour 
after administration suggested that 10 mg of ketorolac was superior to 
4 mg of morphine. Ketorolac also has been shown to be effective against 
pain due to trauma, renal colic, and cancer.” 


Adverse Effects 


Studies have found no significant differences between morphine 
and ketorolac with respect to the type of side effects they produce and 
the rates at which such effects occur.” * The most common adverse 
effects of ketorolac are somnolence, nausea, vomiting, dry mouth, 
sweating, and palpitations. Minimal pain on injection has been re- 
ported. An investigation of the long-term use of parenteral ketorolac 
found that the incidence of gastric and duodenal mucosal erosions 
resulting from 90-mg IM doses given four times a day was comparable 
with that occurring with 650 mg of aspirin given orally four times a 
day.” The investigators suggested that parenteral doses of ketorolac be 
limited to 30 mg or less. 

When given on a long-term basis, ketorolac, like other nonsteroidal 
anti-inflammatory drugs, increases bleeding time.” It does not affect 
platelet count, prothrombin time, or partial thromboplastin time. 

Ketorolac appears to have a role as an analgesic, but more clinical 
studies are required. Its advantages are that it has no dependence 
liabilities and minimal cardiovascular and respiratory effects. Ketorolac’s 
structural similarities to zomepirac and tolmetin suggest that anaphy- 
lactoid reactions to it are possible, but there have been no reports of 
this complication.” The side effects of ketorolac are similar to those of 
other nonsteroidal anti-inflammatory drugs. 

Additional studies are needed to determine the preoperative and 
intraoperative uses of ketorolac. Would it be a good premedication? 
Does it lower minimum alveolar concentration? What part might it play 
in anesthesia in ambulatory surgery settings and as a supplement to 
spinal opiates? These are a few of the questions that must be answered 
in order to evaluate the future of ketorolac. 


a AGONISTS 


The use of a,adrenergic agonists in the perioperative period 
represents a new, exciting area of research in anesthesia. Miller et al” 
were the first to report that these drugs have antinociceptive properties 
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when they found that a-methyldopa reduced minimum alveolar con- 
centration requirements in rats. At the time their paper was published, 
it was believed that a metabolic product of a-methyldopa, methylnor- 
epinephrine, acted as a false transmitter that displaced norepinephrine 
from both central and peripheral binding sites. It was postulated that 
the resulting decrease in norepinephrine reduced the concentration of 
inhalational anesthetic necessary to produce adequate anesthesia for 
surgery and to lower blood pressure. Subsequently, the false-transmit- 
ter theory was shown to be incorrect, and methylnorepinephrine was 
found to work by stimulating central «,-adrenergic receptors and 
producing sedation, a decrease in minimum alveolar concentration, 
and an antihypertensive effect.” 9 

The exact mechanism by which a,-agonists reduce anesthetic re- 
quirements and produce analgesia remains unknown. They probably 
activate presynaptic and postsynaptic receptors at noradrenergic path- 
ways involved in endogenous pain control in the dorsal horn of the 
spinal cord and at supraspinal levels. 


Clonidine 


Most current research on a,-agonists has focused on clonidine and 
dexmedetomidine, which are more specific a,-agonists than o-methyl- 
dopa. Clonidine was first shown to produce analgesia when adminis- 
tered systemically to mice and rats.” In mice, clonidine enhances 
morphine analgesia without affecting the morphine-specific p»-recep- 
tor.” Clonidine also has been found to decrease the intraoperative 
anesthetic requirements for both opioids and volatile agents and to 
prevent large hemodynamic fluctuations.” 3% 31 

Perioperatively, clonidine can be administered parenterally,> 6 %* 
orally,” intrathecally,” © epidurally, ® and by transdermal patch.” 
Although many studies have attested to the efficacy of clonidine” 3% # 
and dexmedetomidine! as adjuncts in anesthesia and when used 
intrathecally” ® and epidurally® * for postoperative analgesia, few 
investigations have examined their analgesic effects when administered 
systemically.* 6 3 

Epidural clonidine by itself does not appear to provide complete 
pain relief after major surgery unless more than 300 pug is given; 
unfortunately, sedation, hypotension, and bradycardia commonly occur 
at such doses.” Patients undergoing thoracotomy who received 3 pg/kg 
of epidural clonidine did not have adequate postoperative analgesia in 
a placebo-controlled trial. In another study, however, 2 pg/kg of 
epidural clonidine provided analgesia for a mean of 3.5 hours in patients 
undergoing perineal or orthopedic surgery. Epidural clonidine will 
probably be most useful as an adjunct to epidural opioids. One study 
found that, when the agent was infused at approximately 20 g/h, it 
enhanced the analgesia produced by epidural morphine in patients 
having major abdominal surgery.” 
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Only a few studies of the use of systemic clonidine as an analgesic 
agent have been conducted. In one, oral clonidine (150-300 pg) did not 
prolong analgesia from spinal blockade when compared with subarach- 
noid clonidine.” Case reports have described the analgesic affects of 
systemic clonidine in patients with diffuse musculoskeletal pain” and 
carcinoma.” One study comparing epidural clonidine (2 wg/kg) and the 
same dose of IM clonidine found that the IM formulation provided 
adequate analgesia for up to 3 hours when given to patients fully 
recovered from an epidural lidocaine sensory block for orthopedic or 
perineal surgery.° 

Two studies have examined the postoperative analgesic effects of 
IV clonidine. In the first, a comparison with placebo and 50 mg of IV 
meperidine showed that 100 ug of IV clonidine provided less analgesia 
than placebo, whereas 200 yg of IV clonidine provided the same pain 
relief as 50 mg of meperidine.” In the second study, a 5 pg/kg loading 
dose of IV clonidine followed by a 0.3 mg/kg/h infusion markedly 
decreased postoperative morphine requirements in patients who had 
undergone posterior spine fusions.® 

Clonidine has also been used in an oral-transdermal formulation 
to treat perioperative pain.” In a placebo-controlled study, patients 
were given 3 to 4.5 g/kg of oral clonidine the night before surgery, 3 
to 6 pg/kg the morning of surgery, and a 7- to 10.5-cm? transdermal 
patch postoperatively. All those who received clonidine had more 
preoperative sedation and required less morphine postoperatively. 
Plasma concentrations of clonidine in the perioperative period were 
1.32 to 1.93 ng/mL, a finding that correlates well with those of many 
other studies with respect to the optimal plasma concentration of the 
drug required to produce sedation, an antihypertensive effect, and dry 
mouth. 


Hemodynamic and Respiratory Effects 


Clonidine has two principal effects on the cardiovascular system; 
both are dose dependent. At low plasma levels (1.5-2.0 ng/mL), the 
drug produces central hypotension and bradycardia. Cardiac output 
may decrease slightly or remain unchanged because of the bradycardia 
and decreased afterload and preload.” 1” 5> 38 At plasma levels of 4 
ng/mL, patients become normotensive,™ * but at levels higher than 10 
ng/mL, transient hypertension occurs as a result of the drug’s direct 
effects on vascular smooth muscle.® 

There is some controversy about the respiratory effects of clonidine. 
Some researchers have suggested that it has minimal respiratory ef- 
fects,” but preliminary reports have found an increased rate of venti- 
latory depression. ” © In a recent study in healthy volunteers, 0.3 to 
0.4 mg of oral clonidine did not decrease the ventilatory response to 
carbon dioxide. Furthermore, when clonidine was added to a morphine 
regimen, the ventilatory response to carbon dioxide was not signifi- 
cantly different than that observed with morphine alone.” It appears 
that clonidine produces little respiratory depression in healthy adults. 
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In elderly patients with cardiopulmonary disease, however, its effects 
may be quite different. 


Pharmacokinetics 


After an oral dose of 300 wg of clonidine, plasma levels of the drug 
reach a peak in 1 to 2 hours.® The plasma levels are characterized by 
rapid distribution followed by a B-elimination half-life of 5 to 13 hours. 
After IV administration, there is a large volume of distribution (2 L/kg) 
because of the high lipid solubility of the drug. About 20% to 40% is 
bound to plasma protein. Clonidine is cleared primarily by renal 
excretion.” 


Dexmedetomidine 


Dexmedetomidine, a stereoisomer of medetomidine, is a more 
highly selective a,-agonist than clonidine.” Two placebo-controlled 
studies have investigated dexmedetomidine as an adjunct in anesthesia 
and examined its effects on pain. When patients were given 0.5 pg/kg 
of IV dexmedetomidine before minor gynecologic surgery, they required 
less thiopental and had lower plasma norepinephrine levels than 
matched controls. Blood pressure was lower in the dexmedetomidine 
group, but there was no difference in heart rate.’ 

In the second study, patients received 25 pg of IV dexmedetomidine 
that was followed by a second 25-ug dose given 15 minutes later. A 
significant sedative effect and a decrease in blood pressure were 
produced, with no change in heart rate. The pain threshold to electric 
stimulation of the tooth pulp, cutaneous thermal pain, and tourniquet- 
induced pain was not changed by dexmedetomidine, although a de- 
crease in the “unpleasantness” of the tourniquet pain was reported. 
Whether higher doses of dexmedetomidine would provide better anal- 
gesia and cause less hypotension in clinical pain syndromes requires 
further investigation. 

The side effects of systemic a,-agonists are hypotension, bradycar- 
dia, sedation, and dry mouth. It is unlikely that either systemic 
clonidine or dexmedetomidine will ever be used alone as an analgesic. 
Instead, a,-agonists will probably be employed chiefly as adjuncts to 
systemic opiates. 


CAPSAICIN 


Capsaicin, the active ingredient in Hungarian hot peppers, appar- 
ently inactivates small C-type fibers.” Although its mechanism of action 
is unclear, capsaicin depletes substance P, which mediates cutaneous 
pain, from peripheral nerves.'” 7% 37, % 43, 9% Capsaicin can also block 
axonal transport,” %5! cause damage to peripheral nerves,” ® and alter 
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action potentials. In a study in which capsaicin was applied to the 
skin of volunteers, the subjects had changes in perception in response 
to pinprick, heat, and cold. When a 0.025% concentration of capsaicin 
cream is applied cutaneously, subjects may initially complain of a 
burning sensation. 

Currently, capsaicin cream is used topically for postherpetic 
neuralgia* * and for lower extremity dysesthesias due to Guillain-Barré 
syndrome.” Capsaicin may eventually have a role in localized nerve 
blocking because it has no effect on sympathetic A fibers. It may also 
be useful in patients with diabetic peripheral neuropathies.” Although 
capsaicin has not been used systemically, its oral toxicity is low; up to 
20 mg is consumed in some spicy food dishes.“ Moreover, IV injection 
of 2.5 mg of the agent does not produce any cardiorespiratory effects. 
Future investigations should focus on capsaicin’s effect on tourniquet 
pain. 


SUMMARY 


The perioperative roles of dezocine, ketorolac, and a,-agonists have 
not yet been completely defined, although these agents are known to 
have some advantages over opiate analgesics. Further investigation is 
needed to determine whether dezocine and ketorolac will replace or 
supplement opiates. a-Agonists will probably always be used as ad- 
juncts to opiates because they are not complete analgesics. Capsaicin 
has not been employed systemically, but its local effects may be found 
to be useful in the perioperative period. 
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EPIDURAL AGENTS FOR 
POSTOPERATIVE ANALGESIA 


Neal H. Badner, MD, FRCPC(C) 


The application of intrathecal (spinal) or epidural medication to 
achieve postoperative analagesia was first reported in 1949 using local 
anesthestics.** However, it was the discovery of spinal opiate receptors 
in the late 1970s*° that led to the popularity of the technique, as 
epidural morphine produced equal analgesia to that of local anesthetics, 
yet with fewer side effects.” The use of epidural morphine did lead to 
the occurrence of late respiratory depression, a serious though rare 
complication.© This has led investigators to use lipid-soluble narcotics, 
partial agonist-antagonist narcotics, narcotic and local anesthetic com- 
binations, and most recently a,-agonists such as clonidine, all in 
attempts to decrease the incidence of this side effect. This article 
summarizes the advantages and disadvantages of the spinal and epi- 
dural use of these agents in present clinical settings. 


LOCAL ANESTHETICS 


Local anesthetics have been injected into both the intrathecal and 
epidural spaces for surgical anesthesia since the early 1900s.* However, 
the duration of anesthesia even with the longer-acting agents, tetracaine 
intrathecally or bupivacaine epidurally, is no more than 3 to 4 hours. 
This is clearly insufficient for postoperative analgesia. The introduction 
of indwelling catheters into the epidural space allowed repeat dosing 
and hence postoperative use. The use of epidural local anesthesia for 
postoperative pain management has been reported following upper 
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abdominal, 1° lower abdominal,” thoracic,*” ” and orthopedic sur- 
gery.’ Until recently catheters have not been used in the subarachnoid 
space for fear of postdural puncture headache or infection. With the 
introduction of 26- to 32-gauge catheters, and the subsequent low 
incidence of headache, continuous spinal anesthesia has been used for 
long operative procedures and recently for postoperative anlagesia 
following vascular procedures.” 

In the previously quoted epidural studies the local anesthetics used 
were either lidocaine or, more commonly, bupivacaine. Like all local 
anesthestics, they are highly lipid-soluble agents with a negative log of 
dissociation constants of 8.1 for bupivacaine and 7.7 for lidocaine.* 
When deposited into the epidural space they rapidly diffuse through 
the dura and cerebrospinal fluid (CSF) to the spinal cord where blockade 
of neuronal transmission is the presumed site of action (Fig. 1). In 
increasing order of blockade, the small postganglionic sympathetic 
fibers are blocked most readily, followed by sensory, and lastly motor 
fibers. The degree of blockade depends on the concentration and 
volume of local anesthetic used. Clinically, intermittent doses of 5 to 
10 mL of 0.5% bupivacaine have provided good analgesia, following 
either thoracotomies™ or gastric surgery,™ * and have decreased the 
use of mechanical ventilation following multiple rib fractures% when 
given through thoracic-level epidural catheters. The use of 8 to 12 mL 
through lumbar epidural catheters following gynecologic surgery also 
has been effective.” 1 Similarily, 1.5% lidocaine given through a 
thoracic epidural catheter provided good analgesia following abdominal 
surgery.” The duration of analgesia in these studies was, however, 
only 3 to 4 hours. To overcome this short duration of action one can 
use continuous infusions of local anesthetic, e.g., 3 to 10 mL/h of 0.25% 
or 5 to 15 mL/h of 0.125% bupivacaine. This has resulted in good 
analgesia following thoracotomies,* gastric bypass procedures,” cho- 
lecystectomies,® and knee joint replacements.’ However, only the 
study by Raj et al’ used an objective visual analogue scale to measure 
pain. 
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Figure 1. Cross-section of spinal cord showing the site of action of local anesthetics, 
narcotics, and alpha-2 agonists. 
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Possible beneficial effects on pulmonary and endocrine function 
have not been consistently demonstrated. Following upper abdominal 
surgery a single bolus of 1.5% lidocaine improved postoperative forced 
expiratory volume in 1 second,” yet repetitive boluses of 0.5% bupi- 
vacaine did not change physiologic dead space in percent of tidal 
volume, forced expiratory volume in 1 second, or forced vital capacity,” 
nor did an infusion of 0.25% bupivacaine improve ventilatory capacity 
or peak expiratory flow rate when compared with systemic morphine. t° 
Though 1.5% lidocaine given through a lumbar catheter to upper 
abdominal surgery patients improved functional residual capacity from 
78% of the preoperative value when in pain to 84% after injection and 
pain free,’ 0.5% bupivacaine given to postoperative gastric bypass 
patients did not improve Pao, or the incidence of pulmonary 
complications® and did not change functional residual capacity and 
Pao, in postoperative lower abdominal surgery patients when compared 
with systemic narcotics.” Similarily, a continuous infusion of 0.25% 
bupivacaine did not improve Pao, or AaDo, following upper abdominal 
surgery when compared with systemic narcotics. Conversely, Pflug 
et al’ did show a decreased “convalescent time” in their epidural 
group of patients following upper abdominal surgery, and Buckley et 
al* showed a decreased incidence of pulmonary complications in 
morbidly obese patients undergoing abdominal surgery, who had 
received epidural local anesthesia postoperatively. Effects on the met- 
abolic stress response to surgery, i.e., the ability to block the increase 
in cortisol, insulin, and glucagon, seems to depend on the location of 
surgery.” Patients undergoing lower abdominal surgery with epidural 
local anesthesia postoperatively did not have this hormonal increase,’ 
whereas those undergoing upper abdominal surgery had elevated levels 
of cortisol, glucagon, and insulin in spite of T4 level of anesthesia from 
a postoperative epidural infusion of 0.5% bupivacaine.” 

The major problem with postoperative analgesia from the epidural 
use of local anesthetics is the side effects that occur. These side effects 
relate to the mechanism of action, namely blocking sympathetic fibers 
causing hypotension, or motor fibers causing muscle weakness. When 
used following thoracotomies or upper abdominal surgery, all of the 
patients receiving intermittent boluses of 0.5% bupivacaine,” and over 
half of those receiving a continuous infusion of 0.25% bupivacaine?! 1% 
developed hypotension requiring treatment. Of the patients who had 
undergone knee joint replacement and received 0.25% bupivacaine as 
a continuous epidural infusion,™ over half had some motor block for 
the first 48 hours. As well as being troublesome on their own, both of 
these side effects limit the ablility to ambulate, which is usually one of 
the goals of good postoperative analgesia. For these reasons, though 
effective, the use of epidural local anesthesia has not become popular 
for postoperative analgesia. Recently, lower concentrations of bupiva- 
caine (0.1%) are being combined with epidural opioids for use postop- 
eratively.”-©° This technique is discussed in the section entitled opioid- 
local anesthetic combinations. 

As noted previously, postoperative continuous spinal anesthesia 
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only recently has been reported in vascular patients.” Lidocaine, in 
concentrations of 0.5% to 2.0%, infused at 2 to 10 mL/h, provided 
excellent analgesia for all 10 patients, with only two requiring supple- 
mental morphine. There was no evidence of hemodynamic instability 
or motor block; however, two of five patients in whom a 28-gauge 
catheter was used experienced pump occlusion difficulty. Further stud- 
ies are obviously necessary to determine not only the optimal concen- 
trations and infusion rates, but also the long-term safety of this 
technique. 


OPIOIDS 
Morphine 


Morphine is the prototypical narcotic agonist. Its use in the epidural 
space was reported in 1979,” following the discovery of opioid receptors 
in the dorsal horn of the spinal cord.’* Though initially debated, the 
site of action is thought to be due to activation of these receptors at the 
spinal level (Fig. 1).** Studies in orthopedic,’” abdominal,” and thoracic 
surgery,” and cesarean section patients? have shown that epidural 
morphine produces better and longer lasting analgesia than smaller 
doses of intramuscular, intravenous, or patient-controlled analgesia 
(PCA) morphine. More importantly, epidural morphine leads to an 
improvement in forced expiratory volume in 1 second and forced vital 
capacity following upper abdominal” or thoracic surgery,” and a 
decrease in the incidence of myocardial ischemia and ectopy. How- 
ever, its use is unable to blunt the endocrine stress response to 
surgery.“ When compared with local anesthetics, epidural morphine 
produces postoperative analgesia equal to that of epidural bupivacaine 
without causing hypotension or sensory and motor changes." 17 

Unlike the other narcotics described in the following sections, it is 
relatively lipid insoluble, with an octanol/water coefficient of 1.42. This 
explains its slow penetration through the dura from the epidural 
space,” and hence its slow onset of 45 to 60 minutes.” 1% The corollary 
is that it is also slowly removed, leading to a long duration of action of 
8 to 24 hours.” 5e 6 Dosages for upper abdominal surgery and thora- 
cotomy patients are 5 to 10 mg,” ™ 135, 1% regardless of whether the 
catheter is inserted at a lumbar or thoracic level.® This is advantageous 
as thoracic epidural catheter insertion is technically more difficult and 
carries a risk of cord injury. Lower abdominal surgery, cesarean section, 
and orthopedic patients need doses of only 2 to 5 mg.™ ® 17 15 To 
avoid repeat bolusing, a continuous infusion of a 0.1 mg/mL solution 
can be used at a rate of 4 to 6 mL/h. This has been done for thoracotomy 
and abdominal aneurysm patients with good results. However, 
using epidural infusions of shorter-acting agents allows quicker reversal 
on discontinuation and is therefore recommended. 

Complications with this technique include nausea, vomiting, prur- 
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itis, urinary obstruction, and respiratory depression. Though serious, 
respiratory depression is rare. Three large studies reviewing roughly 
15,000 patients found an incidence of less than 1%.°" © 5 These studies 
found that when respiratory depression does occur, it usually involves 
elderly patients or the use of supplemental systemic narcotics. It appears 
to be centrally mediated as studies have shown epidural morphine to 
depress the ventilatory response to CO,® and to increase the number 
of episodes of apnea."® The mechanism appears to result from the 
cephalad migration of morphine in CSF.” Because of epidural mor- 
phine’s long duration of action, this can occur up to 24 hours after the 
last dose. Nausea and vomiting occur in 30% to 40% of patients and 
are also believed to be centrally mediated.” Urinary obstruction, with 
a 5% to 40% incidence, is due to bladder detrusor muscle dysfunction.” 
Pruritus, which is not due to histamine release, but possibly due to 
sensory input alteration in the dorsal horn, occurs 10% to 50% of the 
time and can be reversed with small doses of intravenous naloxone 
without inhibiting the analgesic effect.” 

The long duration of action of morphine also applies to spinal use, 
meaning that a single intrathecal dose can provide postoperative anal- 
gesia for 24 hours or longer. As postoperative use of spinal catheters is 
only a recent phenomenon (see previous discussion), single-shot spinal 
application was the only technique, making spinal morphine an effec- 
tive option. Spinal morphine has provided effective analgesia following 
thoracotomy,” abdominal aneurysmectomy,* herniorrhaphy,® cesar- 
ean section,’ and major orthopedic surgery.® Because the morphine 
does not have to cross the dura, the dose is much lower. In the previous 
studies 0.5 to 1.0 mg was sufficient for upper abdominal and thoracic 
surgery and 0.25 to 0.5 mg for lower abdominal surgery. The major 
problem with this practice is that the side effects, though similar in 
nature to those for epidural use, occur much more frequently® © and 
outweigh the benefits. 


Meperidine 


Epidural use of meperidine was reported shortly after morphine. "7 
Though effective, its use has not become popular in North America, 
likely due to its similarity to the other lipid-soluble narcotics. Its octanol/ 
water partition coefficient is roughly 40 times that of morphine, and 
therefore when given epidurally penetrates the dura quickly, leading 
to an onset of analgesia in 15 to 30 minutes, but with a relatively short 
duration of action of 4 to 6 hours.” ® 1% 17 This is a faster onset and 
shorter duration of action than morphine (see previous discussion), 
while, on the other hand, a little slower and longer than that for 
fentanyl and sufentanil (see following discussion). Dosing of 30 to 50 
mg following cesarean section or lower abdominal surgery” and 
50 to 100 mg after thoracic or upper abdominal surgery”! 1 1 produces 
analgesia equal to that of epidural morphine or fentanyl.’ "7. 16 
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Meperidine has the advantage of having local anesthetic properties and 
has been used as the sole anesthetic when given spinally.' The 
duration of spinal anesthesia is limited to 2 hours, thus postoperative 
use would necessitate a continuous infusion. This has not been reported 
at present. This local anesthetic effect does not appear to be present 
when used epidurally because Glynn et al? could not even detect 
sympathetic changes in the feet after 100 mg. Whether there is a 
synergistic effect when used epidurally in combination with local 
anesthetics has not been pursued as it has been with other epidural 
narcotics (see following). The use of both continuous spinal and 
epidural meperidine and local anesthetic combinations will likely be 
further explored in the future. 


Fentanyl 


Though epidural morphine provides good-to-excellent postopera- 
tive analgesia, the side effects, as noted previously, have led to the use 
of lipid-soluble narcotics. Theoretically, these agents are rapidly ab- 
sorbed from the epidural space, thereby avoiding cephalad circulation 
and hence late respiratory depression. Fentanyl, which is 800 times 
more lipid soluble than morphine, is probably the most popular lipid- 
soluble narcotic in North America, and therefore has been investigated 
the most. For lower abdominal procedures doses of 50 to 100 ug are 
very effective when using a lumbar epidural catheter.* 3% 82 94 13 Foliow- 
ing upper abdominal or thoracic surgery larger doses of 100 to 200 pg 
are required.” 7> * For these more major procedures the location of the 
epidural catheter, in the thoracic or lumbar spine, does not seem to 
matter if the optimal concentration of 10 g/mL is used." If a more 
concentrated solution is used as is necessary in epidural PCA, the 
epidural catheter should be placed adjacent to the necessary derma- 
tomes.” Independent of these factors is the fact that epidural fentanyl 
has a rapid onset of analgesia of 15 to 30 minutes, but a short duration 
of only 2 to 5 hours.* * & % % Whether epidural fentanyl causes 
respiratory depression depends on the definition and measurement 
technique. If CO, response testing is employed, a dose of 200 ug given 
to preoperative patients will depress the slope of the CO, response 
curve, whereas 100 ug in volunteers does not.” Clinically, postoper- 
ative patients monitored by arterial blood gas sampling” * or continu- 
ous end-tidal CO, analysis have shown no incidences of respiratory 
depression. The few case reports that have documented respiratory 
depression from epidural fentanyl have been early in onset and almost 
always in conjunction with the use of systemic sedatives, there being 
no evidence of late-onset respiratory depression.” Of the minor side 
effects, pruritis is the most common, occurring in 30% to 50% of patients, 
with nausea and vomiting occurring much less frequently.” * ™ 

Epidural fentanyl’s short duration of action has led to the use of 
continuous epidural infusions. If the epidural catheter is placed adjacent 
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to the appropriate dermatomes, good analgesia can be provided to 
postoperative thoracic, upper abdominal, or orthopedic surgical patients 
with 0.5 to 1.0 mg/kg/h, using a solution whose concentration is 10 
pg/mL.* > * 3? With this technique patients do not develop significant 
systemic fentanyl levels® and have a similar incidence of side effects as 
do bolus epidural fentanyl patients. However, this requires inserting 
catheters in the thoracic epidural space for thoracotomy or upper 
abdominal surgery patients. Lumbar epidural catheters can be used for 
thoracotomy or upper abdominal surgery patients; however, this re- 
quires the use of 1.0 to 1.5 yg/kg/h of fentanyl.* * “ This in turn leads 
to systemic fentanyl concentrations of 1.0 to 2.0 ng/mL,’ levels necessary 
for systemically administered fentanyl analgesia,” suggesting that this 
technique may be nothing more than a modified form of intravenous 
therapy. Three recent double-blind studies comparing infusions of 
fentanyl given either intravenously or epidurally to patients who 
required dosages of 1.5 pg/kg/h following either cesarean section,” 
orthopedic,” or thoracic surgery’? found no difference in fentanyl 
requirements. This suggests that use of an epidural infusion of fentanyl 
requires insertion of the catheter adjacent to the necessary dermatomes. 


Sufentanil 


Sufentanil, the next-generation synthetic, phenylpiperidine opioid, 
has a lipid solubility roughly twice that of fentanyl. Its increased 
systemic potency and mu-receptor binding” led to hopes that it would 
provide analgesia similar to epidural fentanyl, but with a longer dura- 
tion of action and fewer side effects. However, it has only fulfilled 
some of these expectations. Good analgesia, with an onset of 15 minutes 
or less and a duration slightly longer than fentanyl of 4 to 6 hours, has 
been obtained following cesarean section,” ® "5 and orthopedic,” 
thoracic,“* and abdominal surgery.” Initially, dosages of 50 to 75 pg 
were used, which led to significant early onset respiratory depres- 
sion’* 8 133 as well as increased incidences of the minor side effects™ 
or sedation,” 7 without increasing analgesia. This has led to the use of 
30 to 50 ug following thoracic or upper abdominal surgery,’ ™ through 
either lumbar or thoracic catheters, and 15 to 30 yg following cesarean 
section or orthopedic surgery.” ” ° u5 This leads to the observation 
that though systemic sufentanil is five to seven times as potent as 
fentanyl, when given epidurally, it is only twice as potent.” This may 
be due to increased nonspecific, nonreceptor uptake of sufentanil by 
other lipophilic neuronal tissues.” 

As with fentanyl, the short duration of analgesia from epidural 
sufentanil has led to the use of continuous infusions. Dosing for 
thoracotomy or upper abdominal surgery patients is 0.15 to 0.30 pg/kg/h 
when using a 1.0 pg/mL solution.” ” “ It appears that catheter 
placement does not affect the dose if the dilute 1.0 g/mL concentration 
is used.” The only study looking at systemic absorption from a contin- 


328 BADNER 


uous lumbar epidural infusion suggests that this is, however, impor- 
tant, because significant plasma concentrations were reported.” 

Recently, Naulty et al% have reported that the addition of small 
doses (10-20 ug) of sufentanil to epidural morphine improved the onset 
time without increasing the side effects or decreasing the duration of 
action when given after cesarean section. Larger studies involving 
different patients are required to further assess this practice. 


Alfentanil 


This is the newest of the synthetic, phenylpiperidine mu-agonist 
narcotics. It is less lipid soluble than fentanyl but more so than 
morphine, yet also has a lower negative log of dissociation constant, 
giving it a rapid onset and short duration of analgesia when given 
systemically. There has been relatively little use of this agent epidurally; 
however, in the few studies to date it has been shown to have similar 
properties to epidural fentanyl, except for a shorter duration of action. 
A dose of 15 pg/kg produces equal analgesia to fentanyl in postoperative 
orthopedic or abdominal surgery patients, with an onset of 15 minutes 
or less and a duration of 60 to 90 minutes.” ** There was no change 
in respiratory rate or Paco, in postoperative patients, however, the 
slope of the CO, reponse curve was depressed in volunteers.” The 
incidence of nausea, vomiting, and pruritus was no different than that 
of epidural fentanyl. This agent also seems to require use as an 
epidural infusion,” yet offers no advantages over fentanyl, and at this 
time is therefore not widely used. 


NARCOTIC AGONIST-ANTAGONISTS 


There are several types of opioid receptors found in the brain and 
spinal cord, namely mu-, kappa-, and sigma-receptors. It is through 
activation of mu-receptors that epidural morphine and the other nar- 
cotics produce their effects: analgesia, pruritus, and urinary retention 
in the spinal cord level or nausea, vomiting, and respiratory depression 
in the brain stem. The « opiate receptors are also associated with 
analgesia. The epidural use of combined k-agonist, 4-antagonists, such 
as butorphanol and nalbuphine, therefore, should provide analgesia 
without the ».-receptor—mediated side effects. These agents have been 
used for postoperative analgesia following cesarean section, thoracoto- 
mies, and upper abdominal surgery. 

They are both lipid-soluble agents, with an onset of action of 30 
minutes for 1 to 4 mg of butorphanol,? and 15 minutes for 10 mg of 
nalbuphine.* ” The duration of action is 2 to 4 hours for butorphanol,?* 
and 4 to 8 hours for nalbuphine.® ” The major advantage with these 
agents is that the incidence of the minor side effects of nausea, vomiting, 
and pruritis is almost zero.?* %97 Specifically for butorphanol, pruritis 
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is significantly less than epidural morphine” ® ™ and fentanyl.’ The 
disadvantage is that the analgesia from their epidural use, though 
effective following cesarean section or upper abdominal surgery with 
butorphanol, ® %7. 1° or following upper abdominal surgery and 
thoracotomies with nalbuphine,’”® 46 * 87 8 is clearly inferior to epidural 
morphine when compared in a random, double-blind fashion.” ™ 46 
Also, both drugs when given epidurally produce marked sedation. This 
occurs in 50% to 90% of patients,” ** ” presumably due to simulta- 
neous sigma opiate receptor stimulation. More important is the fact 
that epidural butorphanol has been shown to depress the CO, response 
curve when given to postcesarean section patients,? and epidurally 
nalbuphine has led to Paco, greater than 50 in post-thoracotomy 
patients,” indicating that they also cause respiratory depression. 

Attempts to use the k-agonists together with other narcotics epi- 
durally have not met with a large deal of success either. Butorphanol 
when combined with fentanyl either as a bolus following cesarean 
section® or as an infusion in a mixed group of patients” did not 
augment analgesia and markedly increased sedation. Similarily, nal- 
buphine when combined with epidural morphine, though increasing 
onset time, did not improve analgesia or the incidence of side effects.” 
However, a recent study did find that 3 mg of butorphanol combined 
with 4 mg of epidural morphine given to cesarean section patients 
significantly decreased the incidence of pruritus, nausea, and oxygen 
desaturation, while maintaining similar analgesia without causing se- 
dation.” 

In spite of the low incidence of minor side effects, which can be 
annoying to patients, the high incidence of sedation coupled with the 
ability to cause respiratory depression, and the inferior analgesia that 
they produce, has prevented the x-agonists from becoming popular for 
postoperative epidural use. If butorphanol combined with epidural 
morphine consistently produces results as noted previously,” it would 
constitute a significant improvement in epidural analgesia and would 
warrant recommendation for general use. 


OPIOID-LOCAL ANESTHETIC COMBINATIONS 


Efforts to decrease the dosage and therefore limit the systemic 
absorption of epidural narcotics has led to the use of epidural infusions 
of a mixture of narcotic and low-dose local anesthetic, usually bupiva- 
caine. Theoretically, as the two drugs act by different mechanisms their 
effects should be synergistic. Therefore, this should allow decreased 
amounts of each drug and thereby minimize the incidence of side 
effects, which have been described previously. This has been tried with 
morphine using 0.1 mg/mL combined with 0.1% bupivacaine. Though 
effective, the combination was in fact no better than the same infusion 
of epidural morphine alone in terms of analgesia, total narcotic require- 
ments, nausea, or pruritus following either thoracotomy” or upper 
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abdominal surgery.* Similarily, 0.125% bupivacaine did not improve 
postoperative analgesia from 3 or 5 mg of epidural morphine when 
given to cesarean section patients. Subsequently, epidural infusions 
of fentanyl (10 pg/mL) or sufentanil (1 pg/mL) and identical low-dose 
(0.1%) bupivacaine have been shown to be effective for postoperative 
pain management following various surgical procedures. 57-8 How- 
ever, none of these studies have been double blind or randomized. 
Several such recently completed studies, using the same fentanyl- 
bupivacaine concentrations, found no synergism in either knee joint 
replacement or abdominal surgery patients.‘ ” 16 In an analogous study, 
epidural infusions of hydromorphone and 0.08% bupivacaine were 
found to be no more beneficial than hydromorphone alone for postce- 
sarean section pain.“ 

The use of 0.1% bupivacaine may simply be insufficient to offer an 
advantage to the postoperative patient population. This is different 
than findings in obstetric patients in which several narcotics including 
fentanyl, 1> 134 sufentanil," ™ alfentanil, '™ and even butorphanol‘ 
when mixed with bupivacaine, either 0.125% or 0.25%, supplied su- 
perior analgesia to laboring women. The proviso is that labor pain is 
different from postoperative pain because it is not relieved by epidural 
narcotics alone,” and comparisons were made with plain bupivacaine 
and not plain fentanyl. The only double-blind study claiming beneficial 
effects of low-dose (0.125%) bupivacaine added to an epidural narcotic 
infusion, in this case to diamorphine following hysterectomy, used 
such high infusion rates that all patients developed a T6-T8 sensory 
level, and 70% of them developed urinary retention.” Morphine com- 
bined with a much higher concentration of 0.5% bupivacaine given as 
an infusion resulted in impressive mean pain scores of 0 for a 16-hour 
study period.® The patients in this study did however all have a high 
thoracic sensory block, which as noted earlier is not ideal. Further 
studies using narcotic and local anesthetic combinations, with concen- 
trations of bupivacaine between 0.1% and 0.5%, are therefore obviously 
needed to determine the optimal concentrations to achieve the desired 
improved analgesia and decreased side effects. 


a AGONISTS 


The newest means of providing postoperative analgesia is through 
the use of spinal/epidural a,-agonists, namely clonidine. Clonidine 
activates postjunctional a,-adrenoceptors in the dorsal horn, thereby 
inhibiting the firing of nociceptive neurons (Fig. 1). Most studies using 
spinal/epidural clonidine have involved animals; however, because it is 
now available in aqueous form in Europe and is soon to be released in 
North America for investigational purposes, further human studies will 
be forthcoming. 

Clonidine is a lipid-soluble drug with an octanol/water partition 
coefficient approximately equal to that for meperidine.” It has a rapid 


EPIDURAL AGENTS FOR POSTOPERATIVE ANALGESIA 331 


onset of action within 15 to 30 minutes™ > and a short duration of 
action of 3 to 4 hours,” making it similar to the lipid-soluble narcotics. 
For this reason most studies involve the use of catheters placed in 
dermatomes adjacent to those of the surgical wound and incorporate 
continuous infusions. The majority of studies at present have involved 
epidural use. 

Conflicting results on the analgesic efficacy of epidural clonidine 
have occurred, possibly relating to the lack of full-dose response 
information. Gordh,® using a dose of 3 wg/kg through a thoracic 
epidural catheter, found no difference in immediate postoperative 
meperidine use administered by PCA in postthoracotomy patients when 
compared with saline placebo, and 75 pg was insufficient for upper 
abdominal surgery.” Yet Petit et al,** in an oddly timed study, using 
a lumbar epidural catheter, gave 2 pg/kg as the sole analgesic to total 
esophagectomy patients from the 18th to 42nd postoperative hours 
with good results. Bonnet et al,” using a dose of 2 g/kg through a 
lumbar epidural catheter to post—knee joint replacement patients, mark- 
edly improved visual analogue scale scores for 3 to 4 hours in compar- 
ison with saline, and, in the only double-blind comparison with epidural 
morphine, 150 pg of epidural clonidine produced equal analgesia and 
pulmonary function (forced expiratory volume in 1 second) as did 4 mg 
of epidural morphine given to hysterectomy patients.“ These doses are 
much lower than the 700 to 900 yg (approximately 10-15 pg/kg) used 
in a recently completed open-labeled study involving postoperative 
abdominal and knee replacement patients.” These larger doses pro- 
vided better and longer analgesia, decreased morphine usage, and 
decreased side effects when compared with 100 to 300 wg and 400 to 
600 wg dosages. Similarily an 800-g bolus followed by a 20 mg/h 
infusion led to decreased morphine use over 24 hours when compared 
with saline.® However, these dosages led to systemic clonidine levels 
in the 2 to 3 ng/mL range, which are double the amount that others 
have reported,” = ™ suggesting a systemic effect. Supporting this is 
the recent finding that 2 g/kg of clonidine given either epidurally or 
intramuscularily produced equal analgesia, with serum levels of roughly 
1 ng/mL.” Obviously, further studies will have to be performed to 
determine the optimal dosages. 

As with both local anesthetics and narcotics there are side effects 
that may limit clinical use. Sedation, described almost always as 
drowsiness, has occurred in most patients” 7” and is thought to be 
secondary to brain stem a, action.”” Hypotension, due to the inhibition 
of spinal sympathetic outflow,“ has occurred in all the patients in all 
the studies, varying from 20% to 30%,™ » 4 33, 8 105, 108 though only 
those receiving 400 to 600 pg in the open-labeled study required 
treatment. Heart rate is also decreased in almost all patients,” 7) + 31 
8 108 though none have required treatment. Respiratory effects may be 
similar to epidural opioids as the 3 pg/kg dose and the open-labeled 
doses up to 900 wg did not change pH, or Paco,,” * yet 300 pg 
depressed the slope of the CO, response curve,’ implying depression 
of respiratory control. 
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In light of these side effects when used alone, epidural clonidine 
may ultimately be used in combination with a narcotic. Recent studies 
using epidural clonidine combined with fentanyl,”* sufentanil,’ and 
morphine” 17 have shown improved analgesia and decreased supple- 
mental narcotic usage, though this was not true for nalbuphine.” 
However, blood pressure and heart rate still decreased significantly in 
the combination groups when compared with the groups receiving 
epidural narcotic alone. These side effects may be eliminated with 
different dosing combinations, and further clinical studies are neces- 
sary. Also, current laboratory research involves a,-receptor subtypes, 
aza and a, which may differentiate analgesia and side effects, as well 
as the development of a lipid-insoluble a,-agonist.* 


SUMMARY 


This article has discussed the current use of intrathecal and epidural 
agents for the relief of postoperative pain. Local anesthetics, though 
effective, produce excessive side effects. Narcotics, namely morphine, 
are widely used, and occasionally produce respiratory depression. 
Lipid-soluble narcotics may reduce the incidence of this complication, 
while the partial agonist-antagonists do not produce effective analgesia. 
Combinations of these drugs with local anesthetics may produce the 
best results, though the optimal concentrations and dosages have not 
been determined. The most recently tried agent, clonidine, an a,- 
agonist, also is effective, though the proper dosing regimen has not 
been determined, and sedation remains a problem. 
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Regional anesthetic techniques have gained widespread acceptance 
as an additional method for the management of acute pain. The aim of 
administering local anesthetic agents either via intermittent bolus or 
continuous infusion is to block sensory neural pathways. In many 
acutely painful conditions the majority of nociceptive stimuli arise 
peripherally and thus, regional anesthesia can often result in profound 
analgesia in these patients. 

The use of regional anesthetic techniques for the management of 
postoperative pain has long been known and used by anesthesiologists 
to provide potentially intense, if somewhat brief, analgesia. Many 
practitioners frequently use some form of regional blockade to provide 
for a smooth emergence from general anesthesia for various surgical 
procedures. However, reviewing the literature there are few controlled 
trials (i.e., prospective, randomized, double-blind studies) of these 
techniques that could provide a rational basis for establishing the 
benefits of these blocks. 

Several recent reviews of regional blockade of pain have concen- 
trated largely on central neural axis blockade (epidural or intrathecal) 
or local anesthetic pharmacology’? ® 1! and regional techniques. In this 
article we review the use of local anesthetic blockade on peripheral 
nerves (major plexus, major and minor peripheral nerve blocks) in the 
management of acute pain. Central neuraxial blockade (epidural and 
intrathecal) is discussed in another article in this volume. Techniques 
of standard nerve blocks, their indications, and complications are well 
described elsewhere”: ” and are beyond the scope of this review. 
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LOCAL ANESTHETIC WOUND INFILTRATION 


The etiology of pain experienced in the postoperative period is not 
only due to the surgical wound, but is often multifactorial. Visceral 
pain, nasogastric tubes, coexisting painful pathology (e.g., bed sores), 
anxiety, and emotional components contribute to the total suffering 
experience. Nevertheless, wound infiltration with local anesthetic has 
been reported to significantly decrease postoperative pain and systemic 
analgesic requirements.” * Although initially reported over 40 years 
ago,® there has been a recent resurgence of interest in acute pain 
management using newer long-lasting local anesthetics for wound 
infiltration to control postoperative pain. 

There are basically two approaches that have been tried. One is to 
simply infiltrate the wound directly at the time of surgical closure, and 
the other is to leave an indwelling catheter within one of the wound 
layers so that it can be used postoperatively for the intermittent, or 
continuous, infusion of anesthetic agents. The indwelling catheter 
should potentially offer a longer duration of analgesia. 

Patel et al? instilled 50 mL of 0.25% bupivacaine in patients who 
had undergone upper abdominal incisions for cholecystectomy and 
found that, as well as decreasing the narcotic requirement, these 
patients also had improved pulmonary function. Patients who had 
received wound infiltration with bupivacaine had significantly higher 
values for arterial PO,, forced vital capacity, and forced expiratory 
volume in 1 second. Upper abdominal surgery has long been known 
to result in altered respiratory mechanics and to be associated with a 
higher incidence of pulmonary complications postoperatively. Patel’s 
group found 12 of 23 patients in the placebo group developed roent- 
genographic atalectasis as compared with only 3 of 17 patients who 
had recieved bupivacaine wound infiltration. 

Improved analgesia plus decreased narcotic usage has been found 
in patients undergoing excisional breast biopsy” and cholecystecto- 
my” & 12 with local anesthetic wound perfusion. Moss and his 
colleagues” found that, by combining immediate duodenal feeding via 
nasogastric tube and infiltrating peritoneum, fascia, subcutis, and skin 
with 40 to 50 mL of 0.5% bupivacaine in patients undergoing cholecys- 
tectomy, 93% of their patients could be discharged within 24 hours, 
and 81% did not require any narcotic. 

As well as decreasing narcotic usage and pain scores, Partridge 
and Stabile® found that local anesthetic wound infiltration decreased 
postanesthetic care unit stay. 

Many different dosing regimens have been recommended, but one 
reasonable schedule that we have found useful is listed in Table 1.¥ 

In a randomized double-blind study, Tverskoy and colleagues’ 
compared general anesthesia, spinal anesthesia, and general anesthesia 
combined with local wound infiltration in patients undergoing inguinal 
herniorrhaphy. As well as finding improved immediate postoperative 
analgesia in the wound infiltration group, these investigators found 
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Table 1. ONE COMMONLY USED DOSING SCHEDULE 
FOR LOCAL WOUND INFILTRATION WITH 


LOCAL ANESTHETICS 
Method Dose 
Single wound injection 0.5% bupivacaine, 10-20 mL 
Indwelling catheter 0.125% bupivacaine, 10—20 mL twice daily 





Adapted from Scott DB: Acute pain management. In Cousins MJ, Bridenbaugh Pi (eds): Neural 
Blockade in Clinical Anaesthesia and Management of Pain, ed 2. Philadelphia, J.B. Lippincott, 1988, p 
866; with permission. 


persistently less pressure-induced pain 48 hours and even 10 days after 
their surgical procedure. These effects are obviously much longer than 
can be attributed to the presence of local anesthetic. They postulated 
that perhaps the local anesthetic blockade of nociceptive impulses 
prevented the sensitization of the CNS that was responsible for the 
maintenance of postoperative pain. 

It has also been reported that women who have undergone an 
episiotomy for vaginal delivery under epidural anesthesia may have 
their wound pain reduced by prior infiltration of the episiotomy site 
with saline alone. Kahn and Lilford® postulate that the improved 
analgesia is the result of accommodating for inflammatory edema that 
would normally stretch sutured tissues. “Compression within sutured 
tissues is reduced as absorption of the infiltrate allows the inflammatory 
edema to be accommodated under less pressure.” 

A limitation to a single dose of local anesthetic is duration. Forty 
years ago, Gerwig et al* described a technique of inserting an indwell- 
ing polyethylene catheter beneath the anterior rectus sheath of the 
abdominal wound. This enabled the investigators to administer pro- 
caine repeatedly in the postoperative period and resulted in a significant 
reduction in the amount of narcotic required for analgesia. 

Although the aforementioned studies yielded encouraging results, 
it is worth noting that several authors using various techniques of local 
anesthetic wound infiltration have failed to find significant differences 
in pain relief, narcotic usage, or oxygen saturation.* 1 

In a randomized, controlled trial, Egan and associates” studied 
local wound infiltration of 2 mL/cm of wound length with 0.25% 
bupivacaine (n = 202) in patients undergoing elective laparotomy 
compared with a control group receiving saline injection (n = 213). 
They found no significant difference in the incidence of postoperative 
atalectasis between the two groups. The two groups were also similar 
in analgesic usage. However, the patients represented a heterogeneous 
group of operations, undergoing all types of abdominal surgery. 

Thomas et al’ studied wound perfusion with bupivacaine in 
patients undergoing elective cholecystectomy. A catheter lying between 
the peritoneum and muscle was used to inject 10 mL of 0.5% bupiva- 
caine at 4-hour intervals for 48 hours postoperatively. One group 
received continuous infusion, and the other received 10 mL of 0.5% 
bupivacaine at 4-hour intervals, compared with a placebo group receiv- 
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ing saline infusion (n = 10 in each group). Patients received wound 
perfusion for 48 hours postoperatively. They found that the bupivacaine 
groups, both intermittent and continuous, required less postoperative 
analgesia than patients who received no wound perfusion. However, 
the saline-perfused group also had a decrease in analgesic requirements. 

Levack et al,” in a double-blind trial, studied local wound perfusion 
through an indwelling catheter for 3 days postoperatively in 50 patients 
undergoing elective cholecystectomy or splenectomy. One group re- 
ceived 10 mL of 0.5% bupivacaine and the other received saline.” The 
patients’ subjective assessment of pain (visual analogue pain score), 
was the same in both groups. However, improvement in forced vital 
capacity occurred only in the bupivacaine group, and opioid require- 
ments were greater in the saline group. 

The literature has shown variable results from studies of local 
infiltration and wound perfusion with local anesthetic agents. These 
differences may be due to several factors, not the least of which are 
the dose delivered, timing, and concentration of anesthetic. Further, 
the technique assumes that a significant amount of the patient’s pain 
is due to abdominal wall or wound pain. It does not address the issue 
of pain arising from other potentially deeper or remote structures. 

One interesting finding in several of these studies is the equivalent 
effectiveness of saline infiltration. This calls into question the mecha- 
nism of analgesic action. It may be that local wound infiltration acts to 
dilute, or remove, local pain mediators, and therefore saline is equally 
effective, or it may be that the benefit is due to a placebo effect. 

The current literature does not consistently show improvements in 
pain management with the use of postoperative wound infiltration with 
local anesthetic agents. However, the studies that do show an improve- 
ment using these techniques found them to be simple, safe, and 
effective. Therefore, these techniques may be useful in selected 
subgroups of patients that have yet to be clearly defined. 


PERIPHERAL NERVE BLOCKS 


Pain in distal areas of patient extremities are often amenable to 
neural blockade of small nerves. Fingers and toes are supplied by digital 
nerves (dorsal and volar in the hand, dorsal and plantar in the foot), 
and these nerves are easily blocked using digital ring blocks. Wrist and 
ankle blocks are also relatively simple to perform. Therefore, operations 
involving hands or feet, whatever the method of intraoperative anes- 
thesia, could be followed with such nerve blocks to supplement post- 
operative analgesia. Although standard techniques are familiar to most 
anesthesiologists and have enjoyed some success, alternative ap- 
proaches may offer advantages.” 

Digital nerve blocks expose the patient to the uncommon, but 
serious, complication of ischemia and possibly necrosis. Therefore, it is 
strongly recommended that epinephrine-containing solutions be 
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avoided, and in order to minimize mechanical pressure effects of 
injecting solutions into confined spaces, volumes of less than 2 mL 
should be used on each side. 

Local anesthetic blockade of the dorsal nerve of the penis can be 
performed to provide analgesia to the penis, permit circumcision, and 
provide postoperative analgesia.“ 5t 1% There has been some dispute 
concerning the proper drug and dosage in order to provide a rapid 
onset, long duration, and minimize the peak serum concentration of 
local anesthetic. A mixture of lidocaine, 1 mg/kg, and bupivacaine, 0.25 
mg/kg, was found to provide equally effective and prolonged analgesia 
as a dose of bupivacaine, 0.5 mg/kg, with significantly lower serum 
levels of bupivacaine.” Epinephrine must never be used because of the 
risk of ischemia. Other potential complications include hematoma and 
intravascular injection. 

Ilioinguinal and iliohypogastric nerves can provide analgesia fol- 
lowing herniorrhaphy. The use of 0.25 mg/kg of 0.5% bupivacaine is a 
common technique in pediatric surgery. Recently there has been some 
evidence that the simple instillation of bupivacaine into the hernia 
wound is as effective as ilioinguinal/iliohypogastric nerve block in 
providing postoperative analgesia.” 

Another possible use for ilioinguinal nerve block is in patients who 
undergo cesarean section through Pfannenstiel’s incision under general 
anesthesia. Bilateral blockade of the ilioinguinal and iliohypogastric 
nerves at the level of the anterior superior iliac spine produces analgesia 
covering the dermatome supplied by the first lumbar nerve (where 
Pfannenstiel’s incision lies). Bunting and McConachie” found that 
postoperative analgesia was improved and less systemic analgesia was 
required when using this technique. It is noteworthy that while provid- 
ing analgesia of the skin and deeper layers of the anterior abdominal 
wall, this block does not provide visceral analgesia. 


Sciatic and Femoral Nerve Blocks 


Smith et al” described a technique for continuous sciatic nerve 
block using an epidural catheter in the neurovascular space surrounding 
the sciatic nerve. A continuous infusion of 0.5% bupivacaine enabled 
them to provide 4 days of perioperative analgesia to a patient with a 
gangrenous foot. 

Femoral nerve block has been used successfully to treat the pain 
of reconstructive knee surgery,” ' and fractured femoral shafts,’ and 
when combined with sciatic nerve blockade, has resulted in adequate 
analgesia and muscle relaxation to permit complete evaluation of an 
acute knee injury.” A single-shot femoral nerve block may be of limited 
applicability because complete anesthesia of the knee would require 
anesthetizing not only the femoral nerve but the obturator, lateral 
femoral cutaneous, and sciatic nerves as well. Use of the “3 in 1” 
technique of Winnie necessitates the use of large volumes (40-45 mL) 
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of local anesthetic, and to reduce systemic absorption (and possible 
development of toxic effects), the use of epinephrine-containing solu- 
tions has been shown to be effective.”* 14 

Continuous femoral analgesia by indwelling inguinal catheter has 
been reported as a successful technique for management of postsurgical 
lower extremity pain.” Advancement of a catheter in the fascial sheath 
of the femoral nerve to permit a continuous block of the lumbar plexus 
has resulted in significantly improved analgesia and lower demand for 
morphine in patients undergoing open knee joint surgery.” ?™ Serpell 
and his colleagues” in a similar study found this technique to be 
effective and to reduce narcotic requirements, but not to result in 
improved analgesia (as measured by pain scores) or a lower incidence 
of side effects such as nausea and. vomiting. 


Miscellaneous Peripheral Nerve Blocks 


Although the need to block some peripheral nerves may arise only 
infrequently, several authors have described peripheral nerve block 
techniques that may prove beneficial in selected patients. 

Ramamurthy et al” were the first to describe blockade of the long 
thoracic nerve, which they used in an attempt to alleviate right lateral 
chest wall pain in a patient who had suffered a twisting, pulling injury 
to the muscle. Pain that was attributed to spasm of the serratus anterior 
muscle was completely relieved by local anesthetic blockade of the long 
thoracic nerve. The long thoracic nerve is a mixed sensory/motor nerve 
arising from the anterior branches of the C5, C6, and C7 nerve roots 
and usually innervates a single muscle, the serratus anterior. Subse- 
quently, they performed this block on six more patients, all with pain 
below the axilla on the chest wall. Four of these patients had excellent 
pain relief that outlasted the duration of the local anesthetic. 

Intermittent injections of bupivacaine also have been reported to 
be effective in the management of a scapular fracture.’ The insertion of 
an epidural catheter in the region of the scapular notch facilitated repeat 
injections of 10 mL of bupivacaine 0.25% with 1:200,000 epinephrine. 
This resulted in 8 to 10 hours of good analgesia. Interestingly, the 
injection of radiopaque dye demonstrated the catheter to be lateral to 
the scapular notch, but there was dye dispersal throughout the supra- 
spinous fossa. 

Some investigators report the successful use of paravertebral 
blocks."* °> 7 However, these blocks largely have been replaced by 
epidural analgesia, which is technically easier to perform. 


INTERCOSTAL NERVE BLOCK 


Intercostal nerve blocks can be used to provide analgesia for pain 
arising from the thorax or abdomen. This technique has long been 
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known to be an effective method of pain relief.” It was popularized as 
a technique for postoperative pain relief by Moore in the 1960s and 
1970s, but continues to be underused in many centers. 

Crawford and Skinner” studied the use of intercostal blocks for 
provision of postoperative analgesia in patients undergoing a rib- 
resecting thoracoabdominal incision (for testicular cancer) and patients 
undergoing flank incisions (for renal surgery). By injecting the inter- 
space of the incision and two interspaces above and below, they found 
a significant decrease in the amount of narcotic required postoperatively 
and also a reduced incidence of postoperative atelectasis (4/45 versus 
10/45 patients), which they attributed to improved ventilation, although 
there was no measure of respiratory mechanics. 

Although this was a double-blind randomized prospective study it 
had no specific measurement of pain, such as pain scores. Further, the 
authors used a large total dose of bupivacaine (about 225 mg). Use of 
the 0.75% concentration has fallen into disfavor because of the fear of 
systemic toxicity (e.g., irreversible ventricular arrhythmias). 

Intercostal nerve blocks have similarly been found to provide 
effective analgesia and decrease narcotic requirement following lower 
abdominal surgery,” * flank incisions,“ and thoracotomy.” °} 2 The 
attenuation of postoperative decreases in pulmonary function have 
been found in patients undergoing cholecystectomy” and thoracot- 
omy.” However, a number of investigators have found it difficult to 
document any improvement in measures of pulmonary function in 
postoperative patients receiving intercostal blocks.” ** * Rosenberg and 
his colleagues” compared four treatment regimens in patients undergo- 
ing upper abdominal surgery. The treatments consisted of intercostal 
blocks (one 15-mL injection of 0.5% bupivacaine), epidural morphine, 
intramuscular narcotics, or intravenous fentanyl infusion plus on- 
demand bolus (i.e., patient-controlled analgesia with an infusion). They 
found no significant differences between the groups in pain intensity 
scores, chest radiographic findings, or peak expiratory flow rates (which 
were all decreased at 2 and 24 hours postoperatively to approximately 
55% of the preoperative values). 

There has been some controversy based on several anatomic, 
radiologic, and clinical studies regarding the possibility of blocking 
several intercostal nerves with a single injection.* 5% 58 6 © Although 
this appears to be possible, the spread of the block is probably due to 
local anesthetic solution tracking medially and spreading out over two 
to five paravertebral spaces. 

The anatomic study by Nunn and Slavin® revealed that even a 
small-volume injection (3 mL) could spread over the internal aspect of 
the ribs for several interspaces. This led O'Kelly and Garry® to attempt 
the introduction of an indwelling catheter into the intercostal space. 
They obtained excellent analgesia with repeated 20-mL boluses of 0.5% 
bupivacaine over 4 days in a patient with multiple rib fractures. 

After gaining experience with the technique in similar rib fracture 
patients, Murphy“ studied this technique in elective cholecystectomy 
patients. Using a 16-gauge Tuohy needle at the angle of the rib 
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(approximately 7 cm from the midline posteriorly), the needle was 
advanced in a standard technique for intercostal injections. He then 
introduced an epidural catheter 3 to 4 cm into the intercostal space, 
withdrawing the needle and securing the catheter in place. If difficulty 
was experienced with the introduction of the catheter, reinsertion was 
attempted with the needle angled 10 to 20 degrees toward the midline. 
Bupivacaine 0.5% in 20-mL boluses was administered over the first 48 
hours postoperatively. Ninety-two percent (23/25) of the patients re- 
quired no opiate supplementation during the first 24 hours and 76% 
(19/25) required none for the first 48 hours postoperatively. The mean 
duration of adequate analgesia was 7 hours. Interestingly, he found a 
significant increase in the measure of peak expiratory flow rates 30 
minutes after patients received top-up doses. Also, four patients re- 
quired increasing doses of bupivacaine, suggesting the development of 
tachyphylaxis. 

Subsequently, Murphy? studied the spread of india ink injected 
via intercostally positioned catheters in cadavers. He found the ink to 
spread subpleurally to interspaces above and below the one cannulated, 
as well as to the paravertebral space. 

In the ensuing years several studies have found continuous inter- 
costal blockade to be useful,’ ® but there have been conflicting opinions 
as to the best technique for locating the extrapleural or intrapleural 
space, the ultimate position of the catheter, and the site of action of 
the local anesthetics used. 

Intercostal blocks can provide excellent analgesia, and some of the 
conflicting results in the literature may be partially explained by the 
innervation of the thoracic and abdominal cavities. Noxious stimuli 
from the thoracic and abdominal cavities are transmitted along afferent 
fibers of the somatic, sympathetic, and parasympathetic divisions of 
the nervous system. Complete sensory blockade of thoracic and abdom- 
inal contents can be achieved only by blocking all afferent impulses 
from each of these three divisions of the nervous system. This is 
difficult to achieve with a single regional block alone. Autonomic nerve 
fibers are diffuse, often ill-defined, and more difficult to isolate than 
most somatic nerve fibers. All anesthesiologists are familiar with the 
patient who responds to manipulation of abdominal viscera even 
though they have spinal anesthesia to upper thoracic dermatomes. 
Similarly, we have all seen patients respond to uterine manipulation 
while under epidural anesthesia that is perfectly adequate for skin 
incision and abdominal wall relaxation. Blockade of all these nerves via 
celiac plexus block or vagal nerve block is technically difficult and 
fraught with many potential side effects. 


INTERPLEURAL ANALGESIA 


An alternative approach to blockade of intercostal nerves appears 
to be the deposition of local anesthetic into the interpleural space. 
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Reiestad and Stromskag” initially described the technique in 81 patients 
undergoing unilateral breast surgery, renal surgery, or cholecystectomy 
with a subcostal incision. Using a Tuohy needle, a lubricated glass 
syringe, and the loss of resistance technique, an epidural catheter was 
placed between the parietal and visceral pleura (Fig. 1). The use of 20 
mL of 0.5% bupivacaine provided complete analgesia in 78 of the 81 
patients for a mean duration of 10 hours. 

This report was followed by many studies attempting to define 
this technique’s applicability, mechanism of action, and safety. When 
compared with multiple intercostal blocks, interpleural block has the 
advantage of requiring only a single needle puncture, and the lack of 
sympathetic blockade, systemic hypotension, and respiratory depres- 
sion appeared to be advantages when compared with epidural block- 
ade.’” Interpleural analgesia generated such enthusiasm that it quickly 
became the subject of several editorials in the anesthesia literature.’* 5 

The effectiveness of the technique in upper abdominal surgery is 
well documented,* 1} 4” 1%. 107 and it has been reportedly used with good 
results in the treatment of multiple rib fractures,” ” herpes zoster,” 
and even reflex sympathetic dystrophy.” There are also several reports 
of successful management of chronic pain conditions.” * More con- 
troversial is the usefulness of this technique in patients undergoing 
thoracotomy. 


Interpleural Analgesia in Thoracotomy 


Although Mcllvaine et al? and Kambam et al“ have shown this is 
an effective technique in children and adults undergoing thoracotomy, 
other investigators have not found this to be the case. 

Rosenberg and his colleagues”? studied patients undergoing tho- 
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Figure 1. Cross-section of the intercostal space showing an interpleural catheter lying 
between the visceral and parietal pleura. (From Ferrante FM, Chan VWS, Arthur R, et al: 
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racotomy. An epidural catheter was inserted into the interpleural space 
under direct vision before wound closure. After a loading dose they 
used a continuous infusion of 0.25% bupivacaine and provided intra- 
muscular oxycodone on request to supplement postoperative analgesia. 
Their patients did not achieve satisfactory analgesia with this technique, 
despite a wide range of plasma bupivacaine concentrations (plasma 
bupivacaine concentrations increased over the course of the 2 days of 
continuous infusion to a mean of 2.29 g/mL). An interesting aspect of 
this study was the measurement of bupivacaine concentration in the 
fluid drained from the thoracostomy tubes. In patients requiring tho- 
racostomy tubes connected to suction (e.g., lobectomy, exploratory 
thoractomy), the bupivacaine concentration in the pleural drainage fluid 
was very high (levels of 447-1725 g/mL). If a substantial amount of 
the local anesthetic was drained out of the chest tubes, it is not 
surprising that the technique was ineffective. 

Rosenberg’s group” then went on to evaluate the effectiveness of 
interpleural bupivacaine boluses with temporary clamping of the chest 
drainge tubes. Although this resulted in significantly less bupivacaine 
being found in the pleural drainage fluid, the analgesia provided was 
not effective enough to result in a decrease in these patients’ overall 
postoperative narcotic analgesic requirement. 

More recently, Ferrante et al? compared the use of one catheter 
(with catheter tip aligned paravertebrally) versus two interpleural cath- 
eters (with second catheter aligned laterally). This study also confirmed 
the loss of a significant amount of injected bupivacaine (30%-40% of 
administered doses) via the thoracostomy drainage tubes, but did find 
significantly enhanced analgesia using a double-catheter technique in 
post-thoracotomy patients. 

The mechanism of interpleural analgesia is believed to be primarily 
due to the diffusion of local anesthetic back through the parietal pleura 
and intercostalis intimus muscle to reach multiple intercostal nerves. 
Several clinical studies have raised the possibility that this technique 
may involve splanchnic nerves, sympathetic chain ganglia, or other 
visceral neural structures. Laboratory evidence in a dog model using 
somatosensory evoked potentials confirmed that interpleural bupiva- 
caine can produce intercostal nerve block.” 

If the local anesthetics can diffuse readily through pleura and 
intercostal muscles, then it is possible that they may spread to involve 
the thoracic sympathetic chain. The study by Reiestad et al” in which 
seven patients with reflex sympathetic dystrophy were treated with 
interpleural local anesthetic supports this mechanism. The technique 
involved keeping patients in the lateral ducubitus position with a slight 
head down tilt of 20 degrees, and administration of 30 mL of 0.5% 
bupivacaine with epinephrine, 5 pg/mL. This resulted in the develop- 
ment of a profound sympathetic block of the ipsilateral upper extremity 
in all seven patients. 

That splanchnic nerves also may be blocked by local anesthetic 
deposited in the interpleural space seems to be confirmed by several 
series that report the successful treatment of pain due to carcinoma of 
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the pancreas“ and chronic pancreatitis pain.’ ” According to most 
standard anatomy texts, the splanchnic nerves arise from the roots of 
T5 to T12 or L1. Pancreatic pain is transmitted along afferent fibers 
from the pancreas to the splanchnic nerves and also by the lower 
intercostal nerves, which innervate the peritoneum. Thus, the excellent 
analgesia resulting from the interpleural catheter in these series seems 
to indicate that both splanchnic and intercostal blockade can be achieved 
with this technique. 

Using contrast medium and computerized tomography, Stromskag 
et al” demonstrated that interpleurally injected local anesthetic spreads 
to the roots of intercostal, splanchnic, and sympathetic nerves, depend- 
ing on patient position. Interestingly, this group did not find contrast 
medium spreading to either the epidural or paravertebral spaces. 
Animal models of the spread of intrapleurally injected solutions suggest 
that accumulation in the paravertebral area is possible.” 

The optimal dosage of local anesthetic has not been clearly defined. 
Although adequate analgesia has been reported with as little as 8 mL 
of 0.5% bupivacaine,“ other investigators have required considerably 
larger doses (30 mL of 0.5% bupivacaine™) to achieve satisfactory 
analgesia. Most authors appear to use an initial bolus dose of 20 mL of 
0.5% bupivacaine with good results. In a study comparing 0.25%, 
0.375%, and 0.5% bupivacaine,” equal degrees of analgesia were 
achieved, with an increased duration of effect (4.3, 6, 7.7 hours, 
respectively) being attained by the increase in concentration. 

Does the addition of epinephrine to the local anesthetic minimize 
the potential complication of systemic toxicity? There is now evidence 
that this is probably true. In a study using bupivacaine, 2.5 mg/kg, 
with or without epinephrine, 5 pg/mL, peak plasma concentrations 
were lower in the epinephrine group (mean, 2.57 versus 3.22 g/mL) 
and the time to maximum concentration was delayed (mean, 25 versus 
15 minutes).* Using a double catheter technique, Ferrante et al® found 
that the addition of epinephrine 1:200,000 to bupivacaine 0.5% appeared 
to result in lower peak plasma concentrations (0.21 pg/mL with epi- 
nephrine versus 0.79 pg/mL without epinephrine) although this did 
not reach the level of statistical significance. 


Technique 


Most investigators have used the technique originally described by 
Reiestad for cannulation of the interpleural space using a Tuohy needle, 
lubricated glass syringe, and epidural catheter, or they have the catheter 
positioned intrathoracically by the surgeon before closure of the thoracic 
cavity. Recently several modifications have been suggested as improve- 
ments in technique. * Squier et al’ (and a modification by Ben-David) 
described a “hanging drop” technique that entails removing the needle 
stylet and attaching a syringe to the hub of the Tuohy needle. The 
syringe is then filled with several milliliters of saline, and the needle is 
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advanced. Proper placement occurs as the column of fluid falls away 
as the saline is pulled into the interpleural space. A novel approach for 
identification of the interpleural space has been suggested by Sydow 
and Haindl." Their technique involves a latex balloon that collapses 
under the negative pressure of the pleural cavity. This technique has 
been used successfully in a series of 71 patients. 

Potential complications of this technique are predictable. The nee- 
dling of the thorax can cause pneumothorax, and although most of the 
aforementioned studies did not find this to be a clinically significant 
problem, at least one author” found that 4 of 21 patients developed 
pneumothorax. The possible rapid vascular absorption of local anes- 
thetic solution resulting in a toxic blood level has been investigated by 
several groups.*’ * Seltzer found that maximal individual bupivacaine 
plasma concentrations in 11 patients were reached between 10 and 30 
minutes after injection and ranged from 1.1 to 3.3 pg/mL (toxicity 
occurs with levels above 5 pg/mL). One patient developed seizures and 
had a plasma bupivacaine level of 4.9 g/mL. This patient had a small 
collection of pleural fluid, and the authors postulate that the pleura 
was highly inflammed, and this allowed for rapid absorption of the 
local anesthetic. This raises the unanswered question of the use of 
interpleural anesthetics in patients with underlying pulmonary pathol- 
ogy. It was originally reported” that a patient with pulmonary fibrosis 
due to previous tuberculosis failed to obtain analgesia with this tech- 
nique. 

Relative contraindications to the use of this technique might include 
pleural fibrosis or adhesions, effusions plus the usual contraindications 
to regional anesthesia of local infection, and bleeding diathesis. It is 
noteworthy that the technique has been used successfully in patients 
with cystic fibrosis“ and has been found to improve postoperative 
pulmonary function.” 


BRACHIAL PLEXUS BLOCK 


As with other regional anesthetic techniques, single-shot brachial 
plexus blocks have been used to provide analgesia with success follow- 
ing various surgical procedures. ™ In women undergoing modified 
radical mastectomy, Fassoulaki” found improved postoperative anal- 
gesia as defined by the delayed request for and decreased total require- 
ment of systemic analgesics. In this study the surgeon infiltrated the 
brachial plexus and several intercostal spaces under direct vision using 
an infraclavicular approach, which the author proposed as a far more 
effective technique for blocking the brachial plexus than an axillary or 
interscalene block. As well as analgesia and muscle relaxation, the 
accompanying sympathetic block can reduce the vasospasm and edema 
associated with traumatic injury to an extremity. The effective use of 
brachial plexus block in the management of upper extremity fractures 
and dislocations also has been reported." 
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Pediatric patients undergoing upper extremity surgery under gen- 
eral anesthesia have been shown to have excellent initial postoperative 
analgesia if they receive a brachial plexus block before emergence. 
McNeely et al? found superior analgesia as measured by pain score 
and a decreased narcotic requirement for the first 6 hours postopera- 
tively. Using a “parascalene approach” they had a high success rate 
for establishing a block. 

A potentially useful technique for providing continuous upper 
extremity analgesia is that of continuous local anesthetic infusion 
around the brachial plexus. As early as 1946 a technique involving the 
fixation of a blunt-tipped needle (by means of a cork and adhesive 
tape), followed by continuous infusion of 1% procaine, was described 
as successfully providing anesthesia for surgical procedures of varying 
lengths.* As equipment and technology advanced over the ensuing 
years, the introduction of plastic catheters was followed by the descrip- 
tion by DeKrey et al” of continuous brachial plexus anesthesia via 
cannulation of the brachial plexus sheath. Winnie et al’ described an 
interscalene approach that consists of threading a plastic catheter over 
a needle and inserting the two together. Once appropriate paresthesia 
has been elicited, the needle serves as a guide, whereupon the outer 
catheter is advanced a short distance into the fascial sheath. Difficulties 
in proper placement and maintenance of this placement has led inves- 
tigators to attempt alternate techniques. A number of approaches have 
since been described, % €% ™ including the axillary approach, the 
supraclavicular approach, and the infraclavicular approach. Also mod- 
ifications of needle and catheter placement, such as the Seldinger 
technique, have been reported as both easy and effective.™ 

These techniques are based on the premise that a single injection 
of anesthetic solution into the fascial sheath containing the neurovas- 
cular bundle will adequately spread to block components of all major 
brachial plexus nerves. Some degree of controversy arose when Thomp- 
son et al’ described the compartmentalization of the neurovascular 
bundle, with compartments being formed by septa that extend inward 
from the sheath. It was postulated that septa may block the spread of 
local anesthetic and necessitate multiple injections for effective block- 
ade. This issue is the subject of an excellent review by Selander,” and 
the success of the continuous catheter techniques cited seems to 
corroborate the opinion that single-compartment injections are very 
successful and that the perivascular septa of the axillary sheath seem 
to be functionally unimportant. 

Although as with other regional techniques, prolonging the dura- 
tion of analgesia is of prime importance, an interesting study by Heath 
et al” may lead to improving the onset of analgesia. By warming the 
local anesthetic solutions to 37°C, this group was able to significantly 
speed the onset of sensory blockade in patients undergoing subclavian 
brachial plexus blocks with 0.5% bupivacaine plus 1:200,000 epineph- 
rine. 

The development of microvascular and reconstructive hand surgery 
has lead to a demand for prolonged regional anesthesia. Techniques 
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for catheterization of the brachial plexus can offer the physician an 
additional option for the treatment of acute pain in the upper extremity. 


FUTURE DEVELOPMENTS 


There is evidence that the CNS displays a capacity for neural 
plasticity in response to noxious somatosensory inputs. The data 
suggest that noxious stimuli or injury may produce long-term changes 
in CNS function that are experienced as pain long after the offending 
stimulus has been removed.” * 1? The “injury barrage” generated in 
central cells appears to have a sensitizing effect. Subsequent noxious 
inputs may be perceived to be more painful than they would otherwise 
have been. It has been hypothesized that a block of the sensory 
pathways prior to surgical incision would eliminate this sensitizing 
effect and result in reduced postoperative pain. Future research in this 
area may assist in reducing acute pain in the elective surgical patient. 

It is hoped that new local anesthetic drugs with less toxicity and 
longer durations will become available. Ropivicaine is a member of the 
same chemical family as bupivacaine, and early studies have shown it 
to be less cardiotoxic than bupivacaine, with a similar pharmacokinetic 
profile.” > Ongoing research will soon define this new agent’s place in 
pain management practice. The possibility of agents that selectively 
block sensory neural fibers and thus avoid the often accompanying 
undesired motor blockade is also an area of ongoing research. 


SUMMARY 


The past decade has seen a renewed interest in acute pain man- 
agement as the development of epidural opioids and new technologies 
for the delivery of systemic analgesics (e.g., patient-controlled analge- 
sia) has led to the creation of the anesthesiology based acute pain 
service in many hospitals. The availability of physicians familiar with 
the pharmacology and physiology of local anesthetics and acute pain 
has resulted in advances in the use of regional anesthesia techniques 
in the treatment of acute pain. The role of local anesthetic blocks as 
supplements to systemic analgesic administration is well established, 
and future studies are needed to confirm the reduction of pain-related 
morbidity and mortality. 
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All children, even the very smallest neonate, have the capacity to 
experience pain.’ Until quite recently there was still a reluctance on the 
part of those who care for children to administer analgesics.’ 3 7 107 
Now that it is generally accepted that children can and do experience 
pain, the problems remaining are to determine ways of assessing the 
degree of pain and the best method of treatment. 


PAIN ASSESSMENT 


The degree of pain may be communicated by self-report, behavioral 
responses, or changes in physiologic or metabolic parameters. 


Self-Report 


In adults, a visual analogue scale has become the standard against 
which other methods of pain assessment are measured. Simple visual 
analogue scales have been validated and shown to be reliable in children 
over 5 years of age.” Unfortunately, self-report cannot be used by 
preverbal children, and in older children, may be limited by their 
vocabulary and experience. Various tools have been designed to graph- 
ically represent the visual analogue scale, e.g., the Oucher’? and the 
Analog Chromatic Continuous Scale." The Oucher is a display with a 


From the Department of Anaesthesia, Montreal Children’s Hospital, and McGill Univer- 
sity, Montreal, Quebec, Canada 


ANESTHESIOLOGY CLINICS OF NORTH AMERICA 


VOLUME 10 » NUMBER 2 + JUNE 1992 359 


360 SPENCE & HENDERSON 


numerical scale on the left for older children and on the right photo- 
graphs of a 4-year-old with varying facial expressions. The Analog 
Chromatic Continuous Scale has a progressive color scale from pink to 
red, the darker color representing greater pain. The patient positions a 
slide to correspond with the degree of discomfort and this level can be 
read on a 10-cm scale on the opposite side. Both models have been 
validated for children between 3 and 7 years old but have been 
criticized, the Oucher because the photographs are only of a caucasian 
child and are fairly age specific, and the Analog Chromatic Continuous 
Scale because children may have different personal biases relating color 
intensity to pain. Pain questionnaires also have been developed for 
children, e.g., the Children’s Comprehensive Pain Questionnaire.” 


Behavioral Tools 


Behavioral tools are based on the assumption that the perception 
of pain results in specific responses, e.g., certain movements, crying, 
facial expression, and complex behavioral patterns, which can be 
recorded and interpreted by an observer. The Children’s Hospital of 
Eastern Ontario Pain Scale was found to be valid and reliable for 
assessing pain in the recovery room in postoperative circumcision 
patients aged 3 to 7 years old. Behavior may be inhibited by pain from 
an incision, by medication, and through a desire to appear in control, 
and there have been questions about the reliability of this tool outside 
the recovery room. Behavioral responses to pain that have been studied 
in infants include the interpretation of general motor responses, vocal- 
izations,’ facial expressions,” and torso and limb positions,® but from 
birth, infants can have marked individual differences in behavior when 
painfully stimulated. 


Physiologic Tools 


Measurable responses to pain include change in heart rate, respi- 
ratory rate, palm sweating, stress response hormones, transcutaneous 
PO, oxygen saturation, and endorphin concentrations. Although there 
are a number of studies showing a relationship between physiologic 
response and other pain measures, it can be difficult to differentiate 
those changes due to anxiety from those due to pain. 

In general, pain in children under 3 years of age is more accurately 
quantified by behavior or changes in physiologic or metabolic parame- 
ters. Self-report techniques of assessing pain are mainly of value in 
patients aged 3 years or older and include the use of a simple visual 
analogue scale or one of the various modifications. As children approach 
adolescence, simple visual analogue scales and pain questionnaires 
become more valid and reliable. The reader is referred to an excellent 
review article by McGrath® that discusses the different methods of 
assessment in detail. 
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TREATMENT 


The primary reason to treat or prevent pain in children is human- 
itarian. This is even more important in small children who rely com- 
pletely on their parents or caregivers for their well-being. There are 
secondary reasons to ensure that patients are comfortable. The body 
responds to pain and injury by producing metabolic, hormonal, and 
hemodynamic changes.” This may have profound negative effects, 
resulting in protein breakdown, insulin resistance, and lipolysis.? An- 
and et al? examined the stress response in babies anesthetized with 
either nitrous oxide or nitrous oxide plus fentanyl. Compared with the 
fentanyl group, the nonfentanyl group had a substantial stress response 
and more circulatory and metabolic complications postoperatively. 
None of the infants in the study showed any physiologic evidence of 
inadequate anesthesia. 

Important nonpharmacologic techniques of treating acute pain 
include the teaching of coping mechanisms, e.g., hypnosis and trans- 
cutaneous electrical nerve stimulation, which are outside the scope of 
this article, but the reader is referred to articles on hypnosis and 
transcutaneous electrical nerve stimulation.*© 64 % 94, 113, 124 137, 138 

The pharmacologic treatment of acute pediatric pain includes the 
management of procedural pain, the administration of parenteral an- 
algesics, and performance of regional blocks. Table 1 summarizes 
indications and suggested analgesic therapy for various etiologies and 
locations of pain. 


Pain Associated with Procedures 


Examples of painful procedures that may be encountered in pedi- 
atric practice include venipuncture, lumbar puncture, bone marrow 
aspiration, cardiac catheterization, and the treatment of fractures, in- 
cluding closed reduction or application of traction. 

Children are significantly distressed by venipuncture” and often 
see a needlestick as the most threatening part of a hospital visit. 
Techniques to ameliorate the anxiety and discomfort of needle infiltra- 
tion include the use of local anesthesia or nitrous oxide. 

Until relatively recently the only way a local anesthetic could 
provide analgesia to intact dermis was by needle infiltration. To a child, 
the fact that one injection will lessen the pain of a subsequent injection 
does not help to alleviate anxiety.’ A eutectic mixture of local anesthetic 
(EMLA) cream, applied topically, penetrates intact skin and so is 
painless. When applied at least 60 minutes beforehand, it has been 
shown to diminish the pain associated with venous cannulation.*» 5 74 76 
There are some disadvantages with its use: (1) the 60-minute delay to 
full efficacy following application; (2) the need to reapply EMLA at a 
second site with a subsequent delay if venipuncture fails at the first 
site; and (3) a possible risk of methemoglobinemia secondary to absorp- 
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Table 1. INDICATIONS AND SUGGESTED ANALGESIC 
THERAPY FOR VARIOUS SOURCES AND 
LOCATIONS OF PAIN 


Type and/or Site of Examples of 
Acute Pain Analgesic Therapy 
Procedural 
Venipuncture EMLA cream, N,O/O, 
Lumbar puncture EMLA cream, N,O/O, 
Bone marrow biopsy EMLA cream, N,O/O,, oral/IV 
benzodiazepines and opioids 
Cardiac catheterization EMLA cream, ketamine 
Upper limb fracture reduction Brachial plexus block 
Femoral fracture reduction/traction Femoral nerve block 
Preinduction EMLA cream, N,O/O,, nasal sufentanil, 
oral transmucosal fentanyl citrate 
Intraoperative 
Generalized Parenteral, i.e., IV opioids, nonsteroidal 
anti-inflammatory drugs, PCA 
Head and neck Cervical plexus block 
Upper limb Brachial plexus block, wrist block 
Thorax and upper abdomen Intercostal nerve blocks, epidural (thoracic 
or lumbar), interpleural bupivacaine 
Lower abdomen and genital Epidural (lumbar or caudal), ilioinguinal/ 
iliohypogastric, or penile nerve blocks 
Lower limb Epidural (lumbar or caudal), lumbar plexus, 
femoral, or sciatic nerve blocks 
Sickle cell disease (vaso-ccclusive crisis) Codeine, IV opioids, PCA 


tion of the prilocaine component of the EMLA.@ One other disadvan- 
tage that also applies to subcutaneous infiltration of lidocaine is the 
failure to improve patient cooperation even when the venipuncture site 
is made analgesic." Nevertheless, pain-free venipuncture from the use 
of EMLA may be an important first step toward a painless hospital 
experience. 

Nitrous oxide, administered in concentrations of 50% to 70% in 
oxygen for 3 minutes has been shown to decrease both pain and anxiety 
in children undergoing venous cannulation.* More than one attempt 
at venipuncture in different locations may be made without the need 
to “reapply” the analgesic. Nitrous oxide has also been used outside 
the operating room to provide analgesia and sedation successfully in 
children undergoing minor surgical procedures such as suturing lacer- 
ations and closed reduction of fractures. Although easily administered 
by untrained personnel, caution should be urged in the use of nitrous 
oxide without proper instruction and supervision. Inhalation of high 
concentrations of nitrous oxide may lead to an altered state of con- 
sciousness and therefore should not be used in situations in which this 
might be dangerous, e.g., patients with a full stomach or patients 
receiving sedative medications in whom the risk of respiratory depres- 
sion is increased. 

Treatment of the discomfort of lumbar puncture and bone marrow 
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aspiration should take into account the fact that these children often 
have several invasive procedures in store for them. Care must be taken 
that these procedures cause as little stress as possible. EMLA has been 
shown to substantially reduce the pain of lumbar puncture in children.” 
Analgesia and anxiolysis for bone marrow aspiration in children may 
be provided by a combination of oral flunitrazepam, 0.1 mg/kg, up to 
2 mg given 90 minutes before the procedure, followed by increments 
of intravenous fentanyl, 1 pg/kg up to 5 pg/kg.” Although not reported 
for this use, nitrous oxide may also be efficacious in children undergoing 
lumbar puncture and bone marrow aspiration. 

Techniques of providing analgesia and sedation for interventional 
cardiologic procedures were recently reviewed.” Ketamine remains the 
most popular anesthetic agent for this purpose and the reasons given 
were the lack of significant hemodynamic changes during cardiac 
catheterization and the relative maintenance of functional residual 
capacity during its use. A high incidence of respiratory complications 
was reported and may have been related to the concomitant use of 
sedative drugs. Other techniques of providing analgesia for these 
cardiologic procedures include the use of CM3 (1 mL contains meperi- 
dine, 25 mg; chlorpromazine, 6.25 mg; and promethazine, 6.25 mg), 
inhaled anesthesia, and opioids. The authors stressed the importance 
of individualizing the sedative/anesthetic technique to meet the require- 
ments of the child’s cardiac anomaly and clinical condition and the 
cardiologist. There does not appear to be one ideal technique. 

Limb fractures occur commonly in children and are frequently 
managed by closed reduction in the emergency department. Analgesia 
for this procedure, usually an intramuscularly administered “cocktail” 
consisting of mixtures of opioids and sedatives, is often inadequate. 
Performance of a regional block with local anesthetic, resulting in 
analgesia and relaxation of the affected limb before manipulation, 
provides ideal circumstances for both the patient and the treating 
physician. Femoral nerve block using 2 mg/kg of 0.5% bupivacaine 
without epinephrine provided analgesia for 2 hours to 13 of 14 children 
undergoing radiologic examination and application of traction for fem- 
oral shaft fractures. The only complication was one femoral arterial 
puncture that had no sequelae. The authors also use brachial plexus 
block to allow painless reduction of upper limb fractures in children in 
the emergency department. 


Perioperative Acute Pain 


Preinduction 


Drugs given in the preinduction period to alleviate anxiety, such 
as nasally administered sufentanil and oral transmucosal fentanyl ci- 
trate, may also be useful in the management of postoperative pain. 
Significantly fewer children who received 1.5 to 4.5 pg/kg nasally 
administered sufentanil preoperatively required analgesics in the post- 
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anesthetic recovery room when compared with children who had 
received placebo.” Oral transmucosal fentanyl] citrate, used as a pre- 
medication, also has been shown to result in decreased narcotic require- 
ment postoperatively.” Painless venipuncture before the induction of 
anesthesia may be achieved by EMLA or nitrous oxide as previously 
discussed. 


Opioid Analgesics 


In children, opioids have been administered orally,” intravenously 
by bolus and infusion,’ nasally,” subcutaneously,” intramuscularly, 
rectally,’ and epidurally.' There are differences in pharmacokinetics 
and pharmacodynamics between adults and children, but these are 
mainly limited to the first month of life and are discussed in the 
following sections. 


Morphine 


Following a study in newborns, which demonstrated increased 
respiratory sensitivity," physicians have been reluctant to prescribe 
morphine to infants. Morphine kinetics were studied in children aged 
0 to 15 years and no major age differences were found.” Other authors 
have reported that infants 1 to 4 days of age showed longer elimination 
half-lives (6.8 versus 3.9 hours) and clearance values (6.3 versus 23.8 
mL/min/kg),” with maturation occurring by 1 month of age. The 
difference in neonatal pharmacokinetics was confirmed by others who 
administered an infusion of 20 pg/kg/h for 24 hours in 12 newborns 
and measured a threefold increase in serum level compared with older 
infants.© A bolus administration of 50 to 100 pg/kg of morphine 
followed by infusion of 32 and 40 pg/kg/h resulted in even higher 
serum levels and was complicated by seizures in two of four patients. 
There was marked variability in the kinetic profile, with one 2-day-old 
premature infant having a morphine elimination half-life of 28 hours. 
The authors recommended an infusion rate of 15 pg/kg/h with no 
loading bolus for neonatal postoperative analgesia. It is also postulated 
that the neonatal blood-brain barrier is more permeable to morphine, 
allowing much higher CSF levels to occur.” These findings may explain 
the observation that neonates are more susceptible to respiratory 
depression following morphine administration. At some time in early 
infancy, the blood-brain barrier becomes relatively impermeable to 
water-soluble drugs like morphine. 


Fentanyl 


Fentanyl use in children increased following the report by Robinson 
and Gregory,” who used it for anesthesia in preterm infants undergoing 
ligation of patent ductus arteriosus. Singleton and his group found that 
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neonates had an age-related increase in the clearance of fentanyl, most 
of which had occurred by 2 weeks of age.’ Infants 3 to 10 months of 
age had lower plasma concentrations following fentanyl administration 
compared with children or adults. Neonates following abdominal sur- 
gery tended to have prolonged fentanyl clearance, and it was postulated 
that decreased liver blood flow, possibly combined with patency of the 
ductus venosus, was responsible.” The age-related increase in clearance 
of fentanyl also may be due to a change in activity of the enzyme 
responsible for its metabolism. Infants aged 3 months or older were no 
more sensitive to ventilatory depression than children or adults, al- 
though one infant, under 3 months of age, had respiratory depression 
requiring naloxone.” 

Yaster™ investigated the dose response of fentanyl, using hemo- 
dynamic response to surgical stimulus as the measure of fentanyl 
requirements. He found that a bolus of fentanyl, 10 to 12.5 pg/kg, 
produced insignificant hemodynamic changes and provided reliable 
anesthesia for 75 minutes, although hemodynamic stability may not be 
a reliable sign of adequate anesthesia in the premature infant.” 


Sufentanil 


A pharmacokinetic study of sufentanil” found that neonates had a 
clearance rate of 6.7 + 6.1 mL/kg/min compared with 18.1 + 2.7, 16.9 
+ 3.2, and 13.1 + 3.6 mL/kg/min observed in infants, children, and 
adolescents, respectively. The elimination half-lives were 783, 214, 140, 
and 209 minutes, respectively. The plasma concentration of sufentanil 
at which further anesthetic supplementation was required for neonates 
was 2.51 ng/mL and 1.58, 1.53, and 1.56 ng/mL, respectively, for the 
other groups. In a subsequent study, the authors reported on matura- 
tion changes in sufentanil pharmacokinetics,“ with an increase in 
clearance, a decrease in half-life, and a slight increase in volume of 
distribution found in three of the neonates who required a second 
procedure at 3 to 4 weeks of age. 


Methadone 


Following its use in adults*® methadone pharmacokinetics were 
investigated in children and adolescents. The distribution half-life was 
19.2 + 13.6 hours. Patients given 0.2 mg/kg of methadone intraopera- 
tively had analgesia for 12 to 36 hours postoperatively when compared 
with morphine, it was found that methadone produced equivalent 
analgesia, with fewer supplementary injections required in the post- 
operative period.® 


Codeine 


Approximately 60% of codeine is bioavailable following oral inges- 
tion. The analgesic effect occurs in 20 minutes, reaching a maximum at 
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60 to 120 minutes. The plasma half-life is 2 to 4 hours. Approximately 
10% is demethylated to form morphine, which is responsible for its 
analgesic effect.© It is widely used in combination with acetaminophen, 
but is a weak analgesic. 


Patient-Controlled Analgesia 


Sechzer’® 1° first thought of using patient-controlled analgesia 
(PCA) while attending a conference on drug addiction at Baylor Uni- 
versity College of Medicine in 1965, and his experience with PCA was 
first published in 1967. Successful use of PCA in children was described 
in abstract form in 1987” and further reports soon followed. 4 87 121 
Rodgers et al” studied 15 children aged 10 to 18 years treated with 
PCA following major surgery. Analgesic requirements were compared 
retrospectively with a group who had undergone similar surgery. PCA 
patients received approximately 0.724 mg/kg/d of morphine on the first 
day of surgery compared with 0.32 mg/kg/d using conventional intra- 
muscular on-demand injections. On subsequent days PCA patients 
received less morphine. 

A randomized prospective trial comparing intramuscular mor- 
phine, PCA morphine, and PCA morphine plus a low-dose continuous 
infusion studied a total of 82 patients aged between 7 and 19 years 
undergoing orthopedic procedures.’ Dosages used were (1) IM group, 
morphine sulfate, 0.1 to 0.18 mg/kg/h as needed; (2) PCA only, bolus 
dose of 0.025 mg/kg, lockout time of 10 minutes, and 4-hour limit of 
0.24 mg/kg; and (3) PCA plus infusion, bolus of 0.018 mg/kg, continuous 
infusion of 0.015 mg/kg/h, lockout time of 10 minutes, and 4-hour limit 
of 0.24 mg/kg. The continuous rate represented 30% to 50% of the 
average hourly requirements of children receiving continuous infusions 
for postoperative pain or cancer pain in previous studies.” 7’ ® There 
was no statistical difference in the mean morphine requirements, which 
averaged 0.026 mg/kg/h. Female patients received more morphine than 
male patients. There was no difference in the incidence of nausea, time 
to return of gastrointestinal function, or urinary retention, and there 
were no respiratory complications. Patients who received PCA plus 
infusion were significantly less sedated than the intramuscular mor- 
phine group and had lower pain scores than either intramuscular or 
PCA morphine alone. Three patients failed to give a self-administered 
dose in spite of having pain and adequate preoperative teaching. 
Although nurse and patient pain scores were significantly correlated, 
nurses consistently underrated the degree of pain. This phenomenon 
has been reported in other studies. 17 

The enhanced safety of PCA lies in the fact that the patient is the 
only person allowed to operate the machine.® However, this leaves 
patients with physical, mental, or developmental handicaps without 
the potential benefits of PCA analgesia. A recent abstract’ described 
successful use of parent-assisted PCA in 22 patients aged 5 to 10 years, 
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although one parent reported the PCA experience as exceptionally 
stressful. Nurse-administered boluses in patients receiving PCA therapy 
has also been advocated.™ 

There have been no reports of deaths due to the use of a PCA 
device in the pediatric age group, although this has occurred in adults. 
Berde et al’? noted that only 2 of 550 patients receiving PCA in their 
unit had significant hypoventilation. We had one patient with signifi- 
cant hypoventilation due to overdose secondary to a combination of 
improper dilution of the PCA drug and nurse-administered boluses for 
agitation, which in retrospect was possibly due to hypoxemia. It is 
recommended that commercially prepared PCA medication be used or 
that it be prepared by a pharmacist in hospital. If nurse- or parent- 
assisted boluses are allowed, it is essential that proper education take 
place, and in these circumstances it would seem prudent to monitor 
these patients with a pulse oximeter. 


Nonopioid Analgesics 


Acetaminophen 


The relationship between the analgesic effect of acetaminophen 
and serum concentration in children is unknown, but concentrations 
between 66.2 and 132.4 pmol/L have an antipyretic effect. When 20 
mg/kg was given as an aqueous solution rectally, the mean serum level 
at 30 minutes was 35.1 + 15.9 pmol/L.” This dose did not provide 
adequate analgesia for adenotonsillectomy patients in the recovery 
room. The maximum concentration of 72.2 + 11.3 pmol/L was not 
reached until after 120 minutes. When 20 mg/kg is given orally, maximal 
concentrations of 130.4 + 30.5 pmol/L do occur by 30 minutes, but it 
is not known whether this provides analgesia. 


Nonsteroidal Anti-inflammatory Drugs 


Indomethacin 


An intravenous bolus of indomethacin, 0.35 mg/kg intravenously, 
followed by an infusion of 0.07 mg/kg/h for 24 hours given to children 
undergoing orthopedic procedures meant that they required signifi- 
cantly less morphine in the postoperative period. No complications 
attributable to indomethacin occurred.” 


Ketorolac 


Ketorolac is a new nonsteroidal anti-inflammatory drug that exhib- 
its potent analgesia, but only moderate anti-inflammatory activity. 
Advantages include lack of respiratory depression, gastrointestinal 
atonia, addiction, or psychomotor effects. Potential problems include 
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gastric and duodenal ulceration, bronchospasm, and impaired renal 
and platelet function.” Further investigation is needed in the pediatric 
population. 


Regional Blockade 


Regional blocks are easy to perform in children. They may be used 
for preoperative, operative, or postoperative analgesia. Always calculate 
and never exceed the maximum safe dose per kilogram of local anes- 
thetic. For detailed information about technique, the reader is referred 
to articles by Dalens” and Sethna and Berde. ™? 


Local Anesthetic Drugs 


There are age-related differences in the pharmacokinetics of hydro- 
philic drugs like local anesthetics.” In infants the volume of distribution 
and the elimination half-life are increased. The levels of albumin and 
a,-acid glycoprotein are lower, resulting in an elevated free fraction of 
drug. Neonates may be at increased risk of toxicity as a result of an 
elevated free fraction of local anesthetic, but this may be offset by their 
larger volume of distribution. 

Delayed metabolism of amide drugs can occur due to decreased 
liver enzyme activity, and ester local anesthetic metabolism can be 
prolonged by decreased plasma cholinesterase. Small infants may fail 
to metabolize breakdown products of prilocaine, resulting in methe- 
moglobinemia, and this has been described with the use of EMLA." 


Cervical Plexus Block 


Blockade of the cervical plexus results in anesthesia of the head 
and neck (except for the area supplied by the cranial nerves), which 
extends down to the upper chest. We have successfully used a modified 
interscalene approach”? to provide anesthesia and analgesia for three 
children undergoing scalene node biopsy for diagnosis of anterior 
mediastinal tumor (unpublished). 


Interpleural Local Anesthesia 


Reiescad and Stromskag” first reported the use of interpleural 
regional anesthesia. A 24-hour continuous infusion of 0.25% bupiva- 
caine with 1:200,000 epinephrine via an interpleural catheter at 0.5 
mL/kg/h to children following thoracotomy provided excellent analge- 
sia. Five patients had asymptomatic blood bupivacaine levels over 4 
pg/mL, with one patient having a concentration over 7 g/mL. These 
levels are beyond the normal accepted safe adult range of 2 to 4 pg/mL. 
The lack of toxicity may be explained by a gradual rate of increase in 
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plasma concentration. Adult studies have shown decreased systemic 
absorption when bupivacaine with epinephrine 1:200,000 is used.” & 
Mechanical ventilation may decrease hepatic blood flow, resulting in 
delayed elimination of interpleural local anesthetics.” 


Brachial Plexus Block 


Supraclavicular brachial plexus block in children was first reported 
by Farr in 1920.” A parascalene technique for use in children was 
recently reported.” Using a nerve stimulator for localization of ‘the 
plexus, analgesia was achieved in 97% of patients compared with 88% 
using a classical approach. An interscalene technique! or axillary 
approach can also be used.” If a tourniquet is required, the supracla- 
vicular route may be preferable. Individual nerves can also be blocked 
at the antecubital fossa or wrist. 


Intravenous Regional Block 


Upper limb fractures in patients aged 3 to 15 years have been 
reduced under intravenous regional anesthesia.” A dose of 3 mg/kg of 
0.5% lidocaine was used. Analgesia was described as good in 72% and 
fair in 18%. One child complained of transient dizziness and circumoral 
paresthesia following failure of the tourniquet. A pediatric fatality has 
been reported following a Bier block.* 


intercostal Nerve Block 


Children aged 3 months to 16 years were given intercostal blocks 
with bupivacaine, 2 to 4 mg/kg, for postoperative analgesia.” Peak 
serum levels occurred between 5 and 10 minutes following injection 
and the highest level recorded was 3.2 pg/mL in a patient given 4 
mg/kg. The authors recommended 4 mg/kg as the upper dose limit of 
bupivacaine for intercostal block. No complications were reported. A 
study in adults found that a single-dose interpleural block provided a 
shorter duration of postoperative analgesia than following intercostal 
block. In addition, the plasma concentration of local anesthetic was 
significantly higher after the interpleural block.** There have been no 
comparisons of interpleural with intercostal blocks in children. Inter- 
costal blocks may be used for analgesia for rib fractures, cholecystec- 
tomies, and following thoracotomy. 


llioinguinal/lliohypogastric Block 


Postoperative analgesia for inguinal herniorrhaphy may be pro- 
vided by ilioinguinal/iliohypogastric block.” A comparison between this 
block and installation of bupivacaine into the wound showed no 
difference in pain scores or analgesic requirements in the recovery 
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room. Plasma bupivacaine concentrations during caudal block and 
ilioinguinal/iliohypogastric nerve block were compared, and it was 
found that the uptake of bupivacaine was more rapid following ilioin- 
guinal block than during caudal analgesia. Both groups had serum 
bupivacaine concentrations of less than 1 pg/mL.” 


Lumbar Plexus Block 


Two techniques of lumbar plexus block were evaluated in 50 
children undergoing surgery in the hip region.” Predictable anesthesia 
occurred when twitches were elicited during performances of the block. 
The technique described by Winnie et al was preferred. An alternative 
to this technique is to administer a caudal block. 


Femoral Nerve Block 


This has been reported for use in patients with a fractured shaft of 
the femur.” ® 10 The technique provides rapid, effective, prolonged 
analgesia, allowing reduction and stabilization to occur in comfort and 
is suitable for instituting in the emergency department using the usual 
precautions. 


Sciatic Nerve Block 


McNicol% reported 95% success in blocking the sciatic nerve with 
an anterior approach, and reliable postoperative analgesia was provided 
for operations in the foot and ankle. Three different approaches to the 
sciatic nerve were compared in 180 pediatric patients.” The authors 
concluded that the posterior and lateral approaches are the most suitable 
technique for blocking the sciatic nerve proximally. Anesthesia was 
similar and included the sciatic nerve and posterior femoral cutaneous 
nerve distribution. The lateral approach is indicated when patients 
cannot lie on their side. 


Penile Block 


Penile block is an alternative to caudal analgesia following circum- 
cision." It is easy to perform and successful in 96% of patients. Potential 
complications include hematoma and rapid absorption of anesthetic 
agent. The efficacy of intravenous morphine, penile block, and the 
application of local anesthetic for analgesia in circumcised patients was 
compared.’” Topical analgesia was found to be effective in 95% and 
had a similar duration to morphine and nerve block and could be 
repeated on an as-needed basis. A comparison between caudal block 
and penile block found the degree of anesthesia similar, but the caudal 
block had a higher incidence of motor blockade.” Gangrene following 
a dorsal nerve block in the penis has been reported. 
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Epidural 


Effective analgesia for a variety of procedures may be provided by 
epidurally administered local anesthetics and opioids. Medication given 
via the lumbar approach to the epidural space has been shown to 
provide analgesia for upper and lower abdominal procedures, as well 
as for those on the lower limbs.” A catheter can be threaded into the 
epidural space at this level to allow continuous infusion of local 
anesthetics and opioids.” The advantages of this technique of contin- 
uous delivery of analgesic medication are the lower likelihood of periods 
of inadequate analgesia and decreased risk of toxicity due to sudden 
high levels of medication following bolus injection. The sacral approach 
(caudal) is very commonly used in children and has been shown to be 
safe, with few side effects. % A caudal block is generally used in 
younger children, i.e., less than 7 years of age, and medication is 
usually given as a single shot, not via a catheter. Using this approach, 
effective analgesia can be provided for lower abdominal, urologic, and 
lower limb pain.” * 7 "¢ The thoracic and cervical approaches have 
more possible associated risks and should be limited to special circum- 
stances. 

The anatomy of the neuraxis in young children differs from that in 
adults.” In children less than 1 year of age the lower end of the spinal 
cord occurs near the L3—4 interspace, and the dural sac at S3-4. With 
growth, the cord reaches the adult level of L1-2 and the dural sac, 
51-2. Up to approximately 8 years of age the contents of the epidural 
space are more loosely packed, which may allow greater spread of local 
anesthetic and the ability to thread a catheter epidurally from the caudal 
space to the thoracic area. The skin-to-epidural space distance is shorter 
and the volume of CSF is greater per kilogram of body weight in 
children. Smaller needles and epidural catheters are available for per- 
forming an epidural block in pediatric patients. 

Performance of an epidural block for postoperative analgesia usu- 
ally takes place while the child is asleep for the surgical procedure. 
Blocks placed immediately following induction of anesthesia offer the 
advantage of decreasing intraoperative anesthetic requirements and in 
the case of caudal block, this does not shorten the duration of postop- 
erative analgesia, which appears to be at least 4 to 6 hours.” The use 
of epinephrine as a test dose to rule out intravascular injection of local 
anesthetic may not be reliable in children anesthetized with halothane. 
The administration of intravenous atropine before the epidural test 
dose improves the reliability, but not to 100%. Therefore, it is important 
to give the local anesthetic slowly and watch for signs of intravascular 
injection. The reader is referred to some excellent descriptions of the 
technique of performing an epidural block in children.” ° 

There are many formulae to calculate the caudal local anesthetic 
dose necessary to achieve specific dermatomal levels,* '* "8 but it 
appears that a volume of 0.75 to 1.0 mL/kg% and a bupivacaine 
concentration of 0.125% to 0.25% 1% provides the most reliable anal- 
gesia for pain up to the T10 dermatome, with the least amount of 
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toxicity and side effects. Morphine has also been given via the caudal 
route to provide analgesia following abdominal, urologic, lower extrem- 
ity, and cardiac surgery. © 1 ™ In doses ranging from 0.05 to 0.1 
mg/kg it provides effective analgesia, with significantly decreased an- 
algesic requirements for up to 24 hours postoperatively, but it may be 
associated with side effects, such as urinary retention, pruritus, nausea 
and vomiting, and early and late respiratory depression.” Patients who 
have received morphine epidurally, via either the caudal or epidural 
routes, should be monitored for respiratory depression for at least 24 
hours following the most recent dose. 

Following catheter placement in the lumbar epidural space, local 
anesthetic is probably most effective given as a continuous infusion. A 
bolus of 0.5 mL/kg of bupivacaine 0.25% followed by an infusion of 
0.08 mL/kg/h provided analgesia to a dermatomal level between T10 
and L1 in 21 children who underwent orthopedic and urologic proce- 
dures.” Morphine, 0.05 mg/kg, gives good prolonged analgesia when 
injected through a lumbar epidural catheter, but has been shown in 
children to decrease the ventilatory response to CO, for up to 22 hours.' 
Continuous epidural infusions of bupivacaine 0.1% to 0.125% and 
fentanyl, 2 g/mL, may provide analgesia with the advantage of 
decreased risk of respiratory depression and local anesthetic toxicity 
due to the lower concentrations of each drug used.” 


Acute Pain in Sickle Cell Disease 


A vaso-occlusive crisis in sickle cell disease produces severe acute 
pain in a patient already burdened with a chronic disease. In the 
management of this pain, hospitalization is avoided, if possible, with 
emphasis on behavior therapy, with family support, hydration, and 
oral analgesics, such as codeine. If hospital admission becomes neces- 
sary, intravenous opioids are often administered.” PCA is well suited 
for the management of older patients and its use has been reported for 
pain of a vaso-occlusive crisis. 


CONCLUSION 


Children do experience pain and techniques have been developed 
to provide analgesia for all age groups. Many of the age-related 
differences in response to treatment have been documented. Side effects 
of treatment do occur and the risk-to-benefit ratio should be considered. 
Future research will define safe monitoring practices for specific tech- 
niques. 
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OBSTETRIC PAIN MANAGEMENT 


Graham H. McMorland, MB, ChB, DA, FRCPC 


Relief of the pain of labor has been controversial ever since the 
Scottish obstetrician, James Young Simpson, first administered ether 
for internal podalic version and delivery of a dead fetus, in a woman 
with an inadequate pelvis. Criticism of his attempts to relieve labor 
pain came from clergymen and some physicians. Modern obstetric 
anesthetists still have to contend with opposition, but now it comes 
mainly from community activists. 

In recent years there has been a movement to encourage pregnant 
women to prepare for a drug-free labor and birth. The concept is 
commendable, and it is certainly true that many parturients, after 
uncomplicated pregnancies, are able to experience well-controlled, 
uneventful labor without resort to pharmacologic analgesia. However, 
drug-free labor cannot be equated with painless labor. Melzack et al” 
have shown that, even after/careful prenatal preparation for controlled 
childbirth, most women do experience pain during labor. Their prepa- 
ration, then, is aimed at coping with, rather than preventing, pain. 

Many parturients experience long, exhausting, sometimes difficult 
labor. Maternal exhaustion may be accompanied by anxiety and hyper- 
ventilation, with progressive increase in endogenous catecholamine 
secretion. Maternal catecholamine levels have been demonstrated to 
increase, even during uncomplicated labor, to levels that are signifi- 
cantly ‚higher than those seen in late pregnancy.® Those parturients 
who are most anxious and exhausted will have higher levels of plasma 
catecholamines, with consequently decreased uterine activity and 
longer labors.” These women manifest an increased incidence of ab- 
dormal fetal heart rate patterns, and their babies tend to have lower 
Apgar scores.” 


From the Division of Obstetric Anaesthesia and Pharmaceutical Sciences, The University 
of British Columbia; and Department of Anaesthesia, The Salvation Army Grace 
Hospital, Vancouver, British Columbia, Canada 
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These observations have been confirmed by animal studies.*" * 5 
The increased endogenous catecholamine secretion that follows mater- 
nal stress results in diminished uterine blood flow and may even lead 
to acute fetal asphyxia. In human parturients, Shnider et al” demon- 
strated a 56% reduction in maternal plasma epinephrine following 
administration of lumbar epidural analgesia during labor. Hagerdal et 
al? showed that oxygen consumption and minute ventilation increased 
during labor by 63% and 74%, respectively. These increases were 
abolished, or decreased, by lumbar epidural analgesia. These studies 
suggest that when nonpharmacologic techniques of pain management 
prove to be ineffective or inadequate during labor, well-managed 
chemical analgesia will reduce stress and be beneficial for mother, fetus, 
and neonate. 


LABOR PAIN PATHWAYS 


The pain of the first stage of labor is mainly due to dilatation of 
the cervix, with stretching of the fibers of the cervix and lower uterine 
segment. There is also evidence that contractions of the body of the 
uterus contribute to labor pain.® The afferent fibers accompany the 
sympathetic nerves and enter the T10 to L1 spinal segments. Pain 
sensation is referred to the dermatomes supplied by these spinal cord 
segments. 

During the second stage of labor, stretching of the pelvis and 
perineum causes pain, in addition to the continued pain of the uterine 
contractions. These pelvic and perineal pain impulses travel via the 
pudendal nerves, to enter the neuraxis at the $2, 53, and $4 segments 


(Fig. 1). 


ANALGESIA FOR LABOR AND VAGINAL BIRTH 
Psychoprophylaxis 


Psychoanalgesia relies on personal motivation, as well as prenatal 
education regarding the childbirth process. The reduction of the fear 
and anxiety associated with the-unknown enables the parturient to 
cope better with labor pain. This technique of analgesia is not as 
predictable in its efficacy as other methods of pain relief. 

While Melzack et al” have shown that prenatal preparation for 
labor does not abolish pain and many women will request some form 
of analgesia, it does make the experience more satisfying for women 
and, for this reason, is well worth the effort. 


Transcutaneous Electrical Nerve Stimulation 


The mechanism of action of transcutaneous electrical nerve stimu- 
lation is not known. The “gate” control theory of pain, propounded by 
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Figure 1. Labor-pain pathways. (From Cousins MJ, Bridenbaugh PO: Neural Blockade. 
Philadelphia, JB Lippincott, 1980, p 464; with permission.) 


Melzack and Wall, and the concept of endorphin release, have been 
suggested as possible explanations for its analgesic action. Although 
transcutaneous electrical nerve stimulation does not produce analgesia 
reliably and consistently during labor, it is more effective than a placebo 
in most women. 


Inhalational Analgesia 


Inhalational analgesia is frequently used in many countries in spite 
of the increased popularity of regional analgesic techniques. It employs 
subanesthetic concentrations of an inhaled gas or volatile agent, during 
labor. It is generally self-administered during the contractions, but may 
be administered by an anesthetist. The patient remains awake and 
retains her protective laryngeal reflexes. This technique should not be 
confused with inhalational anesthesia, which produces loss of con- 
sciousness. 

Inhalational analgesia provides an unpredictable degree of pain 
relief. In many parturients the analgesia is satisfactory and provides an 
acceptable alternative to regional analgesia. Most of the inhalational 
anesthetic agents have been employed in this technique, but nitrous 





382 McMORLAND 


oxide has become the most commonly used inhalational analgesic. 
Several types of apparatus are available for self-administration. Nitrous 
oxide is usually mixed with oxygen, in a preset concentration, as it 
passes through a blender (Fig. 2); or is supplied from a prefilled cylinder 
containing the desired nitrous oxide/oxygen mixture. Generally, a 50% 
concentration is favored. In some cases a gas-scavenging device may 
be attached to the apparatus, to reduce atmospheric contamination 
with nitrous oxide (Fig. 2). Volatile agents, such as methoxyflurane and 
trichlorethylene, may be administered via specific vaporizers, but are 
not as widely used as nitrous oxide. 


Systemic Medication 


Parenterally administered analgesics during labor generally fall into 
three categories: (1) narcotics, (2) sedatives and tranquilizers, and (3) 
ketamine. 


Figure 2. Nitrous oxide/oxygen 
apparatus for self-administered 
inhalation analgesia. Note the 
wide-bore tubing for waste-gas 
scavenging. (Courtesy of Matrix 
Medical Inc, Orchard Park, NY.) 
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Narcotics 


Narcotics are the most effective parenterally administered analge- 
sics, but they all produce dose-related respiratory depression and 
peripheral vasodilatation. Consequently, complete analgesia cannot be 
provided by these drugs without also producing maternal and neonatal 
hypoventilation and orthostatic hypotension. These large doses may 
also produce sedation, as well as obtundation of the protective laryngeal 
reflexes and some inhibition of uterine activity. All narcotics cross the 
placenta rapidly, and fetal depression is manifested by loss of beat-to- 
beat variability in the fetal heart rate pattern. 

Narcotics may be administered by intermittent injection, continu- 
ous intravenous drip infusion, or by means of a patient-controlled 
demand apparatus. The latter consists of a prefilled syringe attached to 
a pump system that permits the patient to deliver to herself a small, 
predetermined, intravenous dose of the drug. A timing mechanism 
allows for a preset minimum time between injections and a maximum 
hourly dose. 

Meperidine. Meperidine is the most frequently used narcotic in 
parturients. The peak effect is seen in 40 to 50 minutes after intramus- 
cular injection and in 5 to 10 minutes after intravenous administration. 
The duration of analgesic action is 3 to 4 hours. Placental transmission 
is rapid, reaching the fetal circulation in 90 seconds after maternal 
intravenous injection.” Shnider and Moya” found a significant increase 
in the number of infants with low Apgar scores at birth, 2 hours after 
mothers had received intramuscular injections of meperidine. 

Kuhnert et al% 7 have shown that metabolites of meperidine, 
notably normeperidine, increase in the fetus and neonate with time 
after administration of the drug to the mother; normeperidine reaches 
its highest levels in fetal tissues with longer drug-to-delivery intervals, 
and there is an increase in neonatal effects with the longer injection- 
to-delivery intervals. 

Morphine. Morphine has a delayed onset and prolonged duration 
of action, compared with meperidine, and is seldom used as an 
analgesic during labor. 

Fentanyl. Fentanyl is a potent narcotic with a rapid onset and short 
duration of action. The usual doses are 50 to 100 ug intramuscularly 
and 25 to 50 pg intravenously. Experience with this drug as the sole 
analgesic during labor is limited. 

Agonist-Antagonist Narcotics. These are synthetic drugs having 
both opioid agonistic and weak antagonistic actions. Two of the newer 
members of this group of drugs are butorphanol and nalbuphine. In 
doses of 2 mg of butorphanol and 10 mg of nalbuphine they produce 
analgesia and respiratory depression, equivalent to 10 mg of morphine. 
However, they reach a ceiling effect and increasing doses do not 
produce further increase in respiratory depression." Larger doses 
produce somnolence, which is generally undesirable in labor. They 
appear to offer no real advantage over meperidine. 
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Sedatives and Tranquilizers 


Psychological preparation for labor will tend to allay fear and 
anxiety. Sometimes this is inadequate and pharmacologic reduction of 
anxiety is required. These drugs also promote sleep that may be 
beneficial in early labor. 

Barbiturates. Barbiturates are not advisable during labor. They 
cross the placenta readily and have prolonged effects on the neonate.” 

Phenothiazines. The phenothiazine derivatives are used for their 
sedative and anxiolytic properties. They are also potent antiemetics. 
The commonly used phenothiazines in obstetric practice are prometh- 
azine, propiomazine, and promazine. The latter, because of its greater 
a-adrenergic blocking properties, tends to cause hypotension. 

Benzodiazepines. This group of drugs may be used in labor to 
provide sedation, to reduce the narcotic requirements, and as anticon- 
vulsants. They cross the placenta rapidly, achieving cord drug levels 
similar to maternal plasma (diazepam may even exceed maternal levels). 

Diazepam produces minimal fetal and neonatal effects when ad- 
ministered during labor in small doses (5-10 mg), except for decreased 
beat-to-beat variability on the fetal heart rate tracing. When the total 
dose administered to the mother exceeds 30 mg, the drug and its 
metabolites persist in the neonate for days,” producing hypotonia, 
hypoactivity, poor sucking reflex, and hypothermia. 1 

Lorazepam has a shorter duration of action than diazepam. The 
usual dose during labor is 1 to 2 mg sublingually or intravenously. 
Adverse neonatal effects have been reported, including low Apgar 
scores, hypothermia, poor sucking, and respiratory depression.* ° 


Ketamine 


Low-dose (0.2-0.4 mg/kg) ketamine has been used to provide a 
brief period of analgesia and amnesia at delivery.” Higher doses (1 
mg/kg) are used for induction of general anesthesia. Uterine blood flow 
and neonatal status are not affected by doses less than 1 mg/kg, but 
higher doses may cause low Apgar scores and neonatal hypotonia. 


Regional Analgesia 


Regional analgesic techniques are the most commonly used meth- 
ods of pain relief in obstetrics. They allow the parturient to remain alert 
and participate in the birth process. Fetal and neonatal effects are less 
marked than those produced by parenterally administered drugs. 


Principles 


1. Regional analgesia requires special skills on the part of both 
medical and nursing personnel, including the ability to recognize and 
treat complications. 
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2. An intravenous infusion of a crystalloid solution, through a 
large-bore indwelling cannula, must be established before administering 
any block. 

3. Equipment for treating complications must be immediately avail- 
able. This includes an oxygen delivery system, mask and bag, laryn- 
goscope and a selection of endotracheal tubes, suction apparatus, and 
drugs for emergency induction of general anesthesia and treatment of 
hypotension. 


Lumbar Epidural Analgesia 


This is the most frequently employed form of regional analgesia 
during labor. Provided careful attention is paid to the dose and method 
of administration of the local anesthetic, the parturient is pain free, but 
has minimal, or no, motor block, there is no hypotension, and uterine 
contraction is not inhibited. 

An intravenous infusion of at least 500 mL of a crystalloid solution 
must precede establishment of the block. This will decrease the inci- 
dence of hypotension associated with the sympathetic block that accom- 
panies epidural analgesia. The loss of the vasoconstrictive response to 
hypotension, in the lower limbs, inhibits the ability to compensate for 
the decrease in blood pressure that results from intra-abdominal com- 
pression of the vena cava. This hypotension, along with reduced blood 
flow to the lower body from compression of the abdominal aorta, will 
reduce uteroplacental perfusion. In addition to the fluid preload, 
prevention of aortocaval compression is essential. This is best accom- 
plished by avoiding the supine position and keeping the parturient 
lying on her side or sitting. 

After the epidural catheter is inserted, preferably at the L3-4 or 
L2-3 level (Fig. 3), an initial test dose of the local anesthetic is injected. 
This is to enable recognition of accidental dural puncture or intravas- 
cular placement of the catheter. Addition of a vasoactive drug, such as 
epinephrine, is designed to indicate intravascular injection of the drug, 
while the small dose of local anesthetic (usually 3 mL) will reveal an 
inappropriate spinal block due to penetration of the dura by the epidural 
catheter. The value of this test dose is controversial. The dose of 
epinephrine used (usually 15 ug) will not invariably produce the telltale 
tachycardia. Unless an electrocardiogram or a pulse oximeter is attached 
to the patient, a transient increase in heart rate might be missed. 
Additionally, the stress of labor and the associated pain frequently 
cause a marked tachycardia, making interpretation of the efficacy of 
the test dose difficult. The author feels that the usual test dose 
administered is a more reliable indicator of subarachnoid, than intra- 
vascular, placement of the epidural catheter. 

The 15 pg of epinephrine, usually employed in the test dose, may 
produce a transient decrease in uterine artery blood flow.” This is 
probably not of significance in uncomplicated term labor, as it approx- 
imates the reduction of blood flow that accompanies each contraction. 
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Figure 3. Diagram of lumbosacral anatomy showing needle placement for subarachnoid, 
lumbar epidural, and caudal blocks (From Shnider SM, Levinsons G (eds): Anaesthesia for 
Obstetrics, ed 2. Baltimore, Williams & Wilkins, 1987; with permission.) 


It may be of significance in premature labor or in the presence of a 
compromised fetus. 

The author’s practice is to regard every injection of local anesthetic 
as a test dose. An initial amount of 3 to 4 mL of the local anesthetic 
(usually without epinephrine, during labor) is injected through the 
needle before insertion of the epidural catheter. After the catheter is 
securely taped in place, the woman is turned to her other side and the 
remainder of the analgesic dose is injected, usually another 4 to 5 mL. 
Subsequent top-up injections are always administered in divided doses 
of 4 to 5 mL, about 60 seconds apart. The low concentration of local 
anesthetic used during labor, administered in small divided doses, is 
not likely to cause a toxic reaction after intravenous injection or a total 
spinal block if injected into the subarachnoid space. 

After each dose of local anesthetic, keep the mother on her side 
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and monitor the blood pressure every 2 minutes for the first 10 minutes 
and then every 10 to 15 minutes. If hypotension occurs (blood pressure 
decreases 20% below base level or below 100 mm Hg systolic), ensure 
uterine displacement by turning the patient onto her side, lower the 
head of the bed, rapidly increase the rate of the intravenous infusion, 
and administer oxygen by mask. If the blood pressure does not respond 
to these measures within 1 to 2 minutes, inject 5 to 10 mg of ephedrine 
through the intravenous tubing. Repeat the ephedrine injection as 
necessary. The fetal heart rate is monitored continuously, preferably 
by an electronic monitor, whenever an epidural analgesic is adminis- 
tered. 

Choice of Local Anesthetic. The local anesthetic used during labor 
should provide adequate analgesia, with a minimum of motor block. 
This will allow the mother to participate in the birth, while the minimal 
muscle relaxation will enhance normal flexion and internal rotation of 
the fetal head during the second stage of labor. The agents most 
commonly used are bupivacaine, lidocaine, and 2-chloroprocaine. 

Bupivacaine is a long-acting amide local anesthetic. It provides 
excellent sensory analgesia with minimal motor block, when used in 
low concentration. During labor it is effective in concentrations of 
0.125% to 0.25%. It is effective in a concentration as low as 0.0625% 
when combined with fentanyl, 1 to 3 pg/mL.’ Bupivacaine has been 
stated to be more cardiotoxic than other amide local anesthetics, such 
as lidocaine.* Human* * and animal’ * © studies have indicated that, 
at equivalent anesthetic concentrations, bupivacaine is about four times 
more cardiotoxic than lidocaine, and this toxicity is enhanced by severe 
hypoxia and acidosis. 

Most of the reported cases of cardiac arrest have followed the use 
of 0.75% bupivacaine, and this concentration is not recommended in 
obstetric anesthesia practice. The low concentrations used during labor 
have not been associated with cardiotoxicity. However, the accidental 
intravascular injection of a large dose of local anesthetic, regardless of 
the concentration, must be carefully avoided. The author feels strongly 
that there is no justification for injection of a large bolus of local 
anesthetic through the epidural catheter. Incremental injection of small 
boluses, no larger than 5 mL, until the required effect is obtained, is a 
safe technique. 

Lidocaine has a shorter duration of action than bupivacaine and is 
less frequently used to provide epidural analgesia during labor. It has 
a more rapid onset of action and is frequently the agent of choice when 
anesthesia, rather than analgesia, is required. Lidocaine 2%, or carbon- 
ated lidocaine where available, with the addition of 1:400,000 or 
1:200,000 epinephrine (2.5-5.0 g/mL) will provide rapid and adequate 
anesthesia for instrumental or operative delivery. 

2-Chloroprocaine, an ester local anesthetic, has a rapid onset and 
short duration of action. For epidural analgesia during labor, it is best 
used as a continuous infusion in a concentration of 0.5%. The drug is 
rapidly hydrolyzed by plasma pseudocholinesterase, with a maternal 


388 McMORLAND 


half-life of 21 seconds.” “ Consequently, it has low toxicity and little 
drug crosses the placenta. 

Several case reports were published of prolonged neurologic dam- 
age, following accidental subarachnoid injection of large volumes of 2- 
chloroprocaine.® * “ Subsequent animal studies indicated that the 
likely cause was a combination of a low pH with a high sodium bisulfite 
(added as an antioxidant) concentration.® 58 

Although commercial preparations of chloroprocaine, for epidural 
use, no longer contain bisulfite (at least in the United States; Canadian 
supplies still contain 0.7 mg of bisulfite per milliliter), if a large volume 
of the drug is accidently injected intrathecally, the recommendation is 
to aspirate as much of the CSF (containing the drug) as possible, 
replacing it with saline. Other measures to support ventilation and 
blood pressure must be instituted rapidly. 

Ropivacaine is a new long-acting amide local anesthetic, now 
undergoing clinical trials. It is structurally related to bupivacaine and 
mepivacaine. Studies in animals? *™ and human volunteers” have 
indicated that ropivacaine has lower CNS and cardiac toxicity than 
bupivacaine. Studies of its use in epidural anesthesia” have shown that 
ropivacaine produces less motor block than equal concentrations of 
bupivacaine. This drug shows promise of becoming a useful agent for 
epidural analgesia during labor, but further clinical studies are neces- 
sary, especially to assess its fetal and neonatal effects. 

Management. Epidural analgesia may be managed in a variety of 
ways, depending on the choice of the anesthesiologist, experience, and 
local facilities. 

Intermittent Injection. This is the conventional and perhaps the 
most frequently employed technique. After the block has been estab- 
lished, often with 6 to 10 mL of 0.25% bupivacaine, further doses are 
administered as required to maintain analgesia. Generally, this will be 
at the request of the parturient as she is aware of returning pain. 

Bupivacaine is the most commonly used drug for this technique. 
Either 0.125% or 0.25% concentrations are used, depending on the 
individual needs of the parturients. The addition of 1:800,000 epineph- 
rine to 0.125% bupivacaine will intensify the block. 

Continuous Infusion. Continuous infusion of low concentrations of 
local anesthetic into the epidural space will provide consistent analgesia, 
without the fluctuations that are part of the intermittent injection 
technique. After the block has been established, often with 0.25% 
bupivacaine, an infusion of 0.125% bupivacaine may be administered 
through a constant rate infusion pump. The rate is set at about 8 to 10 
mL/h and adjusted according to the needs of the patient. An addition 
of fentanyl, 1 to 3 pg/mL, will provide excellent analgesia while reducing 
the local anesthetic requirement. Chestnut et al’ have reported that the 
addition of fentanyl to the local anesthetic will allow the concentration 
of bupivacaine to be lowered to 0.0625%. This will markedly reduce 
the total amount of local anesthetic administered, as well as decrease 
the incidence of hypotension or motor block. Other lipid-soluble nar- 
cotics, such as alfentanil and sufentanil, appear to offer no advantage 
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over fentanyl, and the latter is the most frequently used narcotic in 
epidural analgesia. 

The segmental level of the block must be constantly monitored. If 
it rises above T8 the rate of the infusion must be reduced (or stopped). 
Although observation by skilled nurses is important, the anesthesiolo- 
gist must make frequent visits and assessments of the block. The 
possible complications are intravascular or intrathecal migration of the 
epidural catheter. Migration into a blood vessel may be recognized by 
loss of analgesia. The slow rate of flow avoids the risk of sudden toxic 
manifestations. Intrathecal migration will be followed by slow devel- 
opment of a motor block. Ascending sensory block will be too slow to 
be recognized immediately. 

Patient-Controlled Epidural Analgesia. Recently, the concept of 
allowing the parturient to control the timing of her epidural injections 
has received attention.” * After the loading dose has established 
adequate analgesia, the patient-controlled analgesia apparatus is con- 
nected to the epidural catheter and the parturient is instructed in its 
use. The local anesthetic solution (with or without the addition of a 
lipid-soluble narcotic) used for maintenance is the same as described 
previously for intermittent injection or continuous infusion. 

The drug may be administered on demand by the parturient or it 
may be provided as a slow background infusion, with the parturient 
able to give herself additional boluses as needed. In either case the 
anesthesiologist will set the bolus dose, lockout time, and maximum 
hourly dose. Regular visits, as for continuous infusion technique, must 
be made to assess the height of the block, adequacy of analgesia, and 
onset of complications. Patient-controlled epidural anesthesia may re- 
quire a lower total dose of local anesthetic, and patient satisfaction is 
generally greater than with the intermittent top-up technique. 

Contraindications to Epidural Analgesia. Absolute contraindica- 
tions include patient refusal, uncorrected hypovolemia, local infection, 
and coagulopathies. Epidural analgesia in women who are receiving 
prophylactic heparin and aspirin is controversial. Many anesthesiolo- 
gists no longer consider this to be an absolute contraindication, but 
will assess each case individually, after obtaining the platelet count, 
prothrombin time, partial thromboplastin time, and, if indicated, bleed- 
ing time. Neurologic disease does not necessarily contraindicate epi- 
dural analgesia. The relative risks and benefits must be assessed in 
each individual. 


Paracervical Block 


This block involves injection of local anesthetic into the tissues on 
either side of the cervix. It provides good analgesia for the first stage 
of labor, but the site of injection carries a high risk of intravascular 
injection of local anesthetic. The lower segment is thin and direct 
injection into the fetal scalp is possible. Reports of severe fetal brady- 
cardia and even fetal death, associated with this block, have led to its 
infrequent use. 
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Pudendal Block 


This block will provide anesthesia of the perineum and is usually 
administered by the obstetrician. It is useful for repair of an episiotomy 
or for low forceps. It is inadequate for a midforceps delivery. 


Complications of Regional Analgesia 


Hypotension. This is the most common complication of regional 
blockade. It is associated with sympathetic block, and its severity is 
related to the segmental height of the block, whether an adequate fluid 
preload has been administered, and effective lateral uterine displace- 
ment. 

Treatment consists of rapid intravenous infusion, lowering the 
head of the bed, left uterine displacement, and oxygen by face mask. 
If these measures do not restore the blood pressure to a normal level 
within 1 to 2 minutes, ephedrine, 5 to 10 mg, is injected intravenously 
and repeated if necessary. 

Total Spinal Anesthesia. This is caused by excessively high spread 
of local anesthetic. The most common cause is unrecognized accidental 
dural puncture, during insertion of an epidural needle or catheter. 
Apnea, hypotension, and loss of consciousness develop rapidly. 

Treatment consists of establishing an airway, ventilation, and 
restoring the blood pressure. Equipment and drugs for resuscitation 
must always be readily available whenever regional blockade is per- 
formed. Run the intravenous infusion rapidly. Immediate endotracheal 
intubation protects the airway from aspiration of regurgitated gastric 
contents and also allows efficient ventilation with oxygen. Lower the 
head of the table and ensure adequate left uterine displacement. 
Ephedrine is the drug of choice for treatment of hypotension in 
intravenous doses of 5 to 15 mg, repeated as required. If the distal end 
of the epidural catheter is in the subarachnoid space, CSF may be 
aspirated to remove the local anesthetic. 

Convulsions. CNS toxicity results from excessively high blood 
levels of local anesthetic. This may follow overdosage or, more com- 
monly, accidental intravascular injection of the drug. Early signs of 
toxicity, if recognized, are treated by intravenous injection of 50 to 100 
mg of thiopental or 5 mg of diazepam and oxygen by face mask. 
Convulsions are associated with rapid development of acidosis and 
anoxia. Ventilation must be immediately established. Endotracheal 
intubation is facilitated by intravenous injection of 60 to 80 mg of 
succinylcholine. Monitor the blood pressure and treat hypotension 
immediately with a vasopressor. If the convulsion is rapidly and 
adequately treated, uterine blood flow will be restored and the fetus 
will recover. 

Neurologic Injury. Direct neurologic complications of regional 
analgesia are rare. Paresthesia on insertion of the needle or catheter 
indicate pressure on a nerve root. Withdraw the needle immediately 
and reenter the epidural space at another level. Hematoma or abscess 
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in the epidural space is rare. Hematoma may be associated with a 
bleeding or clotting disorder. Most nerve injuries in obstetric practice 
are not related to regional blocks, but are due to compression of the 
sacral plexus by the fetal head or damage to peripheral nerves by the 
lithotomy position. 

Postdural Puncture Headache. The incidence of accidental dural 
puncture should be low (<1%). However, the hole made by the large 
epidural needle, as well as the Valsalva maneuvers during delivery, 
predispose to leakage of CSF in sufficient quantity to cause headache 
in many of these people. 

Conservative treatment consists of bed rest, analgesics, and hydra- 
tion. A tight abdominal binder has been recommended to increase 
epidural pressure. Epidural saline injections have also been advocated, 
but the success rate is disappointing. Epidural blood patch, using 
autologous venous blood, is the recommended treatment for severe 
headache. Under rigid aseptic conditions, the epidural space is entered 
with a needle at the level of the dural puncture. About 15 mL of venous 
blood is withdrawn from an accessible vein (usually the antecubital 
vein) and immediately injected, slowly, into the epidural space. The 
success rate is about 95%. Prophylactic epidural blood patch is contro- 
versial. After the block has worn off, 15 to 20 mL of autologous venous 
blood may be injected through the epidural catheter. Reports of the 
efficacy of this procedure are contradictory.® ™ # 


Spinal Narcotics 


Reference has been made (vide supra) to the use of short-acting 
lipid-soluble narcotics as adjuvants to local anesthetics in the epidural 
space during labor. Epidural narcotics alone do not produce either 
motor or sympathetic block, but they have not been proved to provide 
adequate analgesia during labor.” ”! 

Intrathecal morphine, in doses of 0.5 to 1.0 mg, does provide 
effective analgesia for first-stage labor,’ but the side effects (pruritus, 
nausea, vomiting, drowsiness, respiratory depression) were reported 
to be troublesome. Morphine has a slow onset of action and the addition 
of a small dose of fentanyl] will provide a more rapid onset of analgesia, 
to supplement the long duration of the morphine. In patients with 
heart disease, when it is important to avoid hypotension, intrathecal 
narcotics may be a useful alternative to epidural analgesia. 

Spinal narcotics are effective in the prevention of pain after cesarean 
section. Epidural morphine has been proved to provide effective anal- 
gesia for about 24 hours. * “ Side effects are common, but are easily 
treated if troublesome. Reducing the dose of morphine to 3 mg does 
not shorten the duration of action, but does lessen the incidence and 
severity of side effects. The lipid-soluble narcotics, fentanil and sufen- 
tanil, have been shown to provide good epidural analgesia, but the 
duration is short (3-5 hours).** * #48 They may be repeated, if the 





392 McMORLAND 


epidural catheter is left in place, but offer no advantage over epidural 
morphine. 

Intrathecal morphine, 0.25 mg, may be administered when the 
cesarean section is done under subarachnoid block. It is injected with 
the local anesthetic and may be combined with 6 to 10 wg of fentanyl 
if a more rapid onset of action is desired. 

The incidence of delayed respiratory depression is lower in partu- 
rients than in the general population. They are generally young and 
healthy, and the increased progesterone secretion possibly raises the 
sensitivity of the respiratory center to carbon dioxide. 
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MANAGEMENT OF PAIN IN 
INTENSIVE CARE SETTINGS 


Donald S. Stevens, MD, and W. Thomas Edwards, PhD, MD 


Pain is common in critically ill patients.* * * In fact, as can be 
seen in Table 1, patient reports about pain management are unchanged 
from 25 to 30 years ago. Ineffective analgesia in intensive care settings 
is likely more related to the manner in which analgesics are used than 
to the nature or properties of the analgesics themselves. Advanced 
pain management techniques are currently available that can provide 
much improved pain relief, as well as improved patient outcomes. 

Pain experienced by patients in intensive care units has frequently 
been undertreated because of fears of depressing spontaneous ventila- 
tion, inducing narcotic dependence, inducing cardiovascular instability, 
or masking underlying surgical pathology in a critically ill patient. The 
analgesic treatment plan in essence rests on attitudes formed in both 
physicians and nurses early in their medical training. Education in pain 
management may be the single most important tool for improving 
patient comfort.” 

In order to understand the concepts of pain management, several 
definitions are in order. Pain is an unpleasant sensory and emotional 
experience associated with actual or potential tissue damage or de- 
scribed in terms of such damage.™ Suffering is the reaction of an 
organism to the experience of pain.” Pain-related behavior is behavior 
that leads an observer to conclude that pain and suffering are being 
experienced.” The relationship among the components of acute pain is 
shown in Figure 1. The observer cannot tell the relative sizes of the 
circles because all that can be seen is the “pain-related behavior.” It is 
common to see two patients who have undergone similar operations 
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Table 1. INCIDENCE OF THERAPEUTIC FAILURES 
WHEN CONVENTIONAL INTRAMUSCULAR 
INJECTIONS OF OPIOIDS ARE GIVEN FOR 
POSTOPERATIVE PAIN RELIEF 


Insufficient 
Analgesia 
No. of Moderate or 
Reference Patients Severe Pain (%) 

Papper et al (1952) 286 33 
Lasagna and Beecher (1954) 122 33 
Keats (1965) ? 26-53 
Keeri-Szanto and Heaman (1972) 106 20 
Cronin et al (1973) - 100 42 
Banister (1974) 437 12-26 
Tammisto (1978) 100 24 
Cohen (1980) 109 75 
Tamsen et al (1982) 56 38 
Donovan (1983) 200 31 
Sriwatanakul et al (1983) 81 41 


From Harmer M, Rosen M, Vickers MD: Patient Controlled Analgesia. Cambridge, Blackwell 
Scientific, 1985; with permission. 


with similar anesthetics, one of whom seems to experience great pain 
while the other appears to have little pain. One important concept to 
remember is that pain is a totally subjective phenomenon. When the 
patient says “I hurt” it is true, regardless of whether the observer feels 
that the amount of pain reported is appropriate. 

Nociception, which is the neurophysiologic antecedent of pain, as 
well as pain itself, are modulated by many things including ethnocul- 
tural backgrounds, learned behaviors, and the meaning of the particular 
experience for the individual.” ® The most successful approach to 
treatment will take into consideration both pharmacologic and non- 
pharmacologic factors. Any approach that fails to account for individual 











PAIN RELATED BEHAVIOR 


SUFFERING 


PAIN 


NOCICEPTION Figure 1. The multifaceted model of acute 


pain proposed by Edwards” as derived from 
the Multifaceted Model of Pain. (From Loe- 
ser JD: Concepts of pain. in Stanton-Hicks 
M, Boas R (eds): Chronic Low Back Pain. 
New York, Raven Press, 1982, p 124; with 
permission.) 
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patient variability in all aspects of the pain experience will not provide 
consistently positive outcomes. 


FORMULATING A TREATMENT PLAN: QUESTIONS 
THAT NEED TO BE ASKED 


The routine course of acute pain is to decrease gradually and to 
end in spontaneous remission. During different stages of the recovery 
process, the quality of the pain may also change. Therefore, it is 
important to ask several questions about the pain when one is designing 
a treatment plan. 


Where Does It Hurt? 


Is the location of the pain appropriate for the injury sustained or 
for the surgery performed, or is it in another location entirely? If 
nociception is not accounted for by the injury or by the surgical 
procedure, or by deep visceral or referred pain as applicable, then a 
secondary process must be investigated. 


How Much Does It Hurt? 


If possible, in the case of postoperative pain, quantification of pain 
should use a system that was taught before surgery. The visual* or 
verbal analogue scales are of use (Fig. 2), even when patients are 
intubated and ventilated, provided they can interact with the examiner. 
A numerical scale without the visual analogue also can be used 


Five Point Global Scale NONE=0 
A LITTLE=1 
SOME=2 
A LOT=3 
THE WORST=4 


Verbal Quantitative Once dice. 10 
none worst imaginable 
no worst 


Visual Pain Analog Scale (VPAS) (——-=-~nwwnwnnenn nen enennnnnnnnnn ernment eenn 


Place a mark on the line 
to show where your pain is now. 


Figure 2. Techniques for grading pain before and after treatment. These scales can be 
useful for evaluating patient reports of pain. 
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effectively. Sensory and affective components of pain can be assessed 
using the short-form McGill Pain Questionnaire.” Patients also can be 
assessed even if they are unable to communicate. Various markers of 
sympathetic activity, such as restlessness, sweating, tachycardia, lacri- 
mation, pupillary dilatation, and hypertension all can be graded as 
signs of pain intensity, although any one of there is not an adequate 
measure of pain intensity in itself.” 


What Does It Feel Like? 


If the pain is sharp, it is probably due to direct nociception, such 
as is associated with an incision. Dull aching sensations, well responsive 
to opioids, are typical of pain arising from deeper structures. A pulling 
or tugging sensation is in keeping with the stitches in the wound and 
with some visceral stimulation. Buzzing, stinging, pins and needles, or 
a sensation of electricity indicate abnormal neural function. These 
sensations are minimal and short-lived following regional anesthesia. 
When they occur in the postoperative or trauma setting, they are more 
indicative of neuronal dysfunction or reestablishment of neural func- 
tion. Painful dysesthesias also may occur as part of a preexisting medical 
condition, as seen in peripheral neuropathies. 


FORMULATING A TREATMENT PLAN: AN ANATOMIC 
APPROACH 


The anatomy of the pain pathway is presented in schematic form 
in Figure 3. Each separate part of the pain pathway can be influenced 
so that the nociceptive signal is diminished or eliminated. This can be 
done in the periphery, at the spinal cord level, or by using a systemic 
approach. 


SPECIFIC ANALGESIC TECHNIQUES: THE 
PERIPHERY 


Nonsteroidal Anti-inflammatory Agents 


These medications interfere with the production of the prostaglan- 
dins that can produce hyperalgesia. Ketorolac has recently been 
introduced in the United States in parenteral formulation and is an 
effective analgesic.” Indomethacin suppositories (100 mg three times a 
day) also have been shown to reduce opioid needs i in postthoracotomy 
patients in comparison with controls." 
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Figure 3. A map of the path of nociceptive information from the periphery to the central 


nervous system. (From Cousins MJ, Phillips GD: Acute Pain Management. New York, 
Churchill Livingstone, 1986, p 52; with permission.) 


Local Anestheiic Techniques 


Local Infiltration 


The action of local anesthetics after local infiltration may decrease 
analgesic needs for several days.” One explanation may be that block- 
ade of nociceptive afferent impulses prevents an increase in the excit- 
ability of the neurons of the intraspinal pain pathway, preventing 
release of algogens.’” 


Intercostal Blocks 


Repeated intermittent intercostal nerve blocks can be used to 
provide analgesia for thoracic injuries and for treatment of postoperative 
pain. This technique provides analgesia without widespread sympa- 
thetic blockade, weakness of major muscle groups, and sedation or 
respiratory depression.» Disadvantages include the need for repeated 
injections,” the risk of pneumothorax,” and possible systemic toxic 
reactions to the local anesthetic if excessive amounts are used. This 
technique may not be appropriate in anticoagulated patients because 
of the risk of bleeding and hematoma formation.” Intercostal nerve 
blocks can be performed under direct vision during a thoracotomy.” 
Because single intercostal blocks need to be repeated to provide long- 
lasting analgesia, a continuous technique has been developed for 
intercostal nerve block.® 
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Treatment with an intercostal block technique is most appropriate 
for the treatment of unilateral thoracic or upper abdominal pain. A 
patient with an ineffective cough due to pain from fractured ribs would 
be a good candidate. 


Paravertebral Block 


Analgesia for pain in the thorax or abdomen can be provided by a 
paravertebral nerve block. This can be performed either as a single 
injection of local anesthetic or as a continuous catheter technique.” 
Injection into a paravertebral catheter appears to cause flow laterally 
into an intercostal space and also up and down the paravertebral space 
ipsilaterally. This allows several intercostal nerves to be bathed with 
anesthetic and gives analgesia over several dermatomal levels. The 
advantages of paravertebral block are similar to those found with an 
intercostal technique. Risks of this technique include pneumothorax, 
epidural blockade, and inaccurate catheter placement. 


Interpleural Analgesia 


Interpleural regional analgesia was originally described as a contin- 
uous catheter technique.” Needle placement is similar to that used for 
thoracentesis, with the bevel of the needle directed cephalad. Entry 
into the interpleural space is detected by having attached to the needle 
a well-lubricated glass syringe containing air. Because pressure in the 
interpleural space is below atmospheric pressure (often called negative 
pressure), the plunger of the syringe is drawn inward when the parietal 
pleura is crossed. Alternative methods for placement include use of a 
“hanging drop” technique, in which the negative pressure on entry 
into the interpleural space is recognized when the drop is sucked 
inward,“ or positioning a catheter in the interpleural space under direct 
vision during thoracotomy.” Either intermittent injections or a contin- 
uous infusion of local anesthetic may be used. Care must be exercised 
with the use of a continuous infusion to avoid local anesthetic toxicity. 

Interpleural analgesia has been used quite successfully to manage 
various types of pain in the thorax and upper abdomen, including pain 
after thoracotomy,* and for patients with multiple rib fractures.” How 
interpleural analgesia works is still uncertain. Possibilities include 
diffusion of local anesthetic through the parietal pleura either superfi- 
cially to block the intercostal nerves or posteromedially to block nerve 
roots and sympathetic ganglia in the paravertebral space.’ ” There 
may possibly be direct local anesthetic action on pleural nerve endings.” 
Because the flow of fluid in the interpleural space is gravity dependent, 
placing the patient in the lateral decubitus position with the affected 
side upward before each dose may allow for a better block.” 

There is one case report of a toxic serum level of bupivacaine 
following a single interpleural injection in a patient with a pleural 
effusion after pneumonia.” A recent thoracic infection with concomitant 
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pleuritis should be considered a contraindication to the use of inter- 
pleural analgesia, because greater absorption of the local anesthetic 
than is usually seen may occur and may lead to toxic serum levels.” 
Fibrosis of the pleura, which may make it difficult to identify entry into 
the pleural space, also is a contraindication. 

The greatest utility of this technique may be in circumstances that 
contraindicate the use of other regional analgesia techniques, such as 
when severe vertebral injuries are present with rib fractures. 


Other Regional Blocks 


Brachial plexus blocks, either by a single shot or continuous catheter 
technique, can provide hours of analgesia for vigorous turning in bed, 
chest physiotherapy, and other activities that would be limited by 
upper extremity pain.” Continuous femoral nerve block can be of 
benefit in patients who have localized knee or thigh pain, such as is 
seen with femur fractures.” 


SPECIFIC ANALGESIC TECHNIQUES: SPINAL CORD 
LEVEL 


Transcutaneous Electrical Nerve Stimulation 


Transcutaneous electrical nerve stimulation may work to down- 
modulate the afferent nociceptive signal at the spinal cord level or 
possibly at the brain stem level. * When transcutaneous electrical 
nerve stimulation is used alone, adequate analgesia may not be pro- 
duced, but multiple studies have shown a definite benefit when 
transcutaneous electrical nerve stimulation is combined with other 
methods of analgesia for the treatment of acute pain problems. There 
also is a tendency toward a reduced frequency of nausea, vomiting, 
paralytic ileus, and atelectasis postoperatively in patients using trans- 
cutaneous electrical nerve stimulation.” 


Central Conduction Block: Epidural or Subarachnoid 


General Considerations 


The transmission of afferent nociceptive information also may be 
altered at a central level by more invasive techniques. Afferent conduc- 
tion can be blocked at the nerve root or spinal cord level with local 
anesthetics, or down-modulated centrally by intraspinal opioids acting 
on specific opiate receptors in the dorsal horn of the spinal cord. 


Subarachnoid Techniques: Opioids 


Single doses of intrathecal morphine or fentanyl have been given 
at the time of lumbar puncture to provide analgesia postoperatively for 
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up to 24 hours. The use of a single intrathecal dose of morphine in a 
range of 3 to 7 g/kg has been recommended for postoperative analgesia 
because of the ease and simplicity of its administration.% However, the 
limited duration of intrathecal morphine analgesia often makes contin- 
uous epidural opioid analgesia preferable. 


Epidural Techniques: Catheter Placement 


If a local anesthetic is to be used, the epidural catheter should be 
placed for a segmental block, at an interspace close to the center of the 
dermatomal segments needing analgesia. If morphine is to be used, a 
more caudad approach may be adequate, because rostral spread of 
morphine in the cerebrospinal fluid (CSF) will cover a more cephalad 
dermatomal site.’ % More lipid-soluble opioids (such as fentanyl or 
sufentanil) should be given through a catheter placed as for segmental 
analgesia. 


Epidural Techniques: Continuous Local Anesthetic 


Analgesia can be provided by the continuous infusion of local 
anesthetics. It is recommended that an adequate initial level of analgesia 
be obtained before starting the continuous infusion. This can be accom- 
plished by the use of 1% lidocaine or by the use of 0.25% bupivacaine. 

The use of bupivacaine for continuous infusion is preferable, 
because of the relative sparing of motor function with this agent. A 
routine starting dose would be 6 to 8 mL/h of 0.125% bupivacaine 
(without epinephrine) administered by an infusion pump. Our usual 
protocol to deal with tachyphylaxis is to increase the infusion rate 
stepwise by 2 mL/h increments to a maximum of 14 to 16 mL/h. At the 
maximum volume, if there is inadequate analgesia, the bupivacaine 
concentration is increased to 0.25%, and the infusion rate slowed to 8 
mL/h. Further escalation in bupivacaine dosage can be made as just 
described, first increasing the infusion rate. The maximum dose infused 
should not exceed 1.5 mg/kg/h, however, and each increase in infusion 
rate should be preceded by reinforcement of the block as at the outset 
so that adequate analgesia is obtained. 

A continuous epidural infusion of local anesthetics allows pro- 
longed analgesia,” ® but hypotension secondary to sympathetic block 
can be frequently seen.’* “ Hypotension can usually be treated easily 
by infusion of an adequate volume of intravenous fluid,” or by infusion 
of a small dose of an a-adrenergic agent, such as phenylephrine. 

Use of a continuous epidural infusion of local anesthetics for 
anesthesia and for postoperative analgesia has been associated with a 
reduction in postoperative complications in high-risk patients." Other 
studies using thoracic epidural analgesia in patients with unstable 
angina pectoris’ or acute myocardial infarction” indicate that hypoten- 
sion does occur in almost every case, but that there is not an unfavorable 
effect on myocardial perfusion, even in these critically ill patients. 
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Epidural Techniques: Intermittent Dose Opioid 


Epidural opioids are extremely effective in producing analgesia, 
because they are administered close to the dorsal horn of the spinal 
cord. Morphine is the opioid most commonly used. Morphine tends to 
stay dissolved in the CSF instead of being absorbed by the spinal cord 
structures or taken up into the circulation, because of its low lipid 
solubility. There is much more rostral migration of morphine than is 
seen with more lipid-soluble opioids such as fentanyl, which tends to 
be absorbed into lipid-containing structures close to the site of injection. 

Dosing schedules should be dependent on the patient's response 
to the medication. A patient needing a second dose of epidural mor- 
phine about 6 hours after surgery is not uncommon. Breakthrough 
pain occurring before this may be treated by a small dose of epidural 
fentanyl and the next dose of epidural morphine adjusted upward by 
about 20%. Dosing every 8 hours may be needed for the first 1 to 2 
days. Occasionally patients will need only one dose per day for good 
analgesia; this is particularly true for elderly patients. Timed reinjection 
(rather than as needed) is preferable, and the dosing interval usually 
can be determined within the first 24 hours. Tables 2 and 3 provide 
guidelines for dosing with the most commonly used intraspinal opioids, 
as well as suggestions for dose modification to account for patient age 
and catheter position. 

Epidural catheters usually remain in place 2 to 3 days, but can be 
left in place indefinitely if there are no signs of inflammation and there 
is a need for continued aggressive analgesia. This is particularly useful 
in critically ill patients who have prolonged stays in the intensive care 
unit. 

Comparison of the analgesic effectiveness of intraveneous or intra- 
muscular opioids, intercostal blocks, epidural morphine, and epidural 
local anesthetics has been performed.” ” ® Patients were the most alert 


Table 2. INTRASPINAL OPIOIDS FOR 
POSTTHORACOTOMY PAIN 


Single Onset Durationt 
Drug Dose* Infusiont (min) (h) . 

Epidural 

Morphine 1-6 mg 0.1-1.0 mg/h 30 6-24 

Meperidine 20-150 mg 2-20 mg/h 5 6-8 

Fentanyl 25-150 pg 25-100 pg/h 5 3-6 

Sufentanil 10-60 pg 10-50 pg/h 5 2-4 
Subarachnoid 

Morphine 0.1~-0.3 mg 15 8-24 

Fentanyl 5-25 ng 5 3-6 


“Doses must be carefully adjusted for patient age and catheter position. (See Table 3 for suggested 
epidural morphine doses.) 

+When using epidural infusion, for accuracy and convenience of administration, adjust concentration 
to allow infused volume to be approximately 10 ml/h. For infusion with bupivacaine, use 0.0625% 
bupivacaine solution. 

Duration of analgesia is variable. It tends to increase with dose and patient age. 
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Table 3. STARTING DOSES FOR EPIDURAL MORPHINE 





FOR THORACIC ANALGESIA 
Patient Age Catheter Tip at T4- Catheter Tip at T12- 
(years) T11 Level (mg) L4 Level (mg) 
15-44 4 6 
45-65 3 5 
66-75 2 4 
76+ 1 2 


Careful consideration must be given to the presence of other concurrent disease and to the response 
seen with these suggested initial doses. 

From Ready LB, Oden R, Chadwick HS, et al: Development of an anesthesiology-based postoper- 
ative pain management service. Anesthesiology 68:100, 1988; with permission. 


and the most mobile with segmental epidural block with local anes- 
thetic, but the potential for hypotension required close monitoring, and 
occasionally, vasopressors were also required.” Epidural opioid use 
allowed easier ambulation and also did not impair bowel or bladder 
function. There also is evidence that epidural morphine may provide 
not only better analgesia, but also better preservation of pulmonary 
function in postthoracotomy patients, compared with routine parenteral 
morphine.” 

Rostral spread may cause side effects peculiar to epidural opioids, 
which include nausea, pruritus, and urinary retention as well as the 
phenomenon of so-called late respiratory depression. The use of lower 
doses is recommended with catheter placement in the thoracic region 
to limit rostral spread and therefore to limit side effects. The side effects 
of nausea, pruritus, and urinary retention can be treated with medica- 
tion specific for the symptom (such as metoclopramide or prochlorper- 
azine for nausea or diphenhydramine for pruritus) or can be treated 
with parenteral opioid antagonists, such as naloxone.” Systemic use of 
a mixed agonist-antagonist drug such as nalbuphine also has been 
shown to be effective in some cases to reverse side effects without 
reversing analgesia.” 

Respiratory depression is the most potentially serious side effect 
of epidural opioids, but also can occur with parenteral opioids as 
routinely prescribed.” Frequent assessment of patient condition re- 
mains the most important factor in averting potential problems, regard- 
less of the method of administration of analgesic medication. The 
incidence of clinically significant, treatable respiratory depression as- 
sociated with epidural morphine is very small—0.9% in one review,” 
and 0.6% in another.” There appear to be two peak times of onset of 
respiratory depression, one within 1 to 2 hours of epidural morphine 
administration and another about 6 to 12 hours later. The early peak 
appears to correspond to systemic absorption of the opioid from the 
epidural space, and the later peak to rostral spread of the opioid. Most 
reports describe the gradual onset of respiratory depression, corre- 
sponding to rostral migration. Most patients have become sedated 
before developing respiratory insufficiency. With the gradual accumu- 


MANAGEMENT OF PAIN IN INTENSIVE CARE SETTINGS 405 


lation of experience, it has become clear that the use of epidural or 
intrathecal opioids requires observation of the patient for sedation, 
rather than for a decrease in respiratory rate, as the earliest sign of 
impending respiratory depression.” 

Some institutions have established guidelines regarding whether 
respiratory monitoring should be instituted, which are described in 
Table 4.” Fear of respiratory depression has influenced some institu- 
tions not to allow use of intraspinal opioids anywhere except in an 
intensive care unit. However, it has become clear that intraspinal 
opioids can be safely used in ward settings if appropriate guidelines 
for selection of patients, dosing, and monitoring are used,® ” so the 
occupation of an expensive and sometimes scarce intensive care unit 
bed by a patient solely for pain management is unnecessary. The use 
of a planned dosage scale based on catheter location, surgical site, and 
the age of the patient may prevent respiratory depression. It is especially 
important that no additional systemic opioids be given without discus- 
sion with a pain management specialist familiar with the use of epidural 
opiates. Summation of the gradually increasing central effect with the 
systemic effect of additional opioids may cause severe respiratory 
depression. Other medications, such as sedatives and tranquilizers (like 
the benzodiazepines), also may interact with epidural opioids in this 
fashion. 

The treatment of clinically important respiratory depression should 
be with titrated doses of a narcotic antagonist. Divided doses of 
naloxone, 0.1 to 0.2 mg, can be given intravenously. Alternatively, 0.4 
to 0.8 mg of naloxone can be given intramuscularly. An ampule of 
naloxone should be kept at the patient’s bedside at all times. 

With regard to prevention of respiratory depression, the use of 
a continuous intravenous infusion of naloxone has been recom- 
mended.® ” An infusion of up to 5 wg/kg/h of naloxone can be used 
to prevent the occurrence of signs of respiratory depression (hypercar- 


Table 4. CRITERIA FOR DETERMINING WHEN TO USE 
A RESPIRATORY MONITOR” 


A respiratory monitor is not required 
A. When all the following criteria are met 
. Age <50 
. ASA physical status | or Il 
. Surgical site: all except thorax or upper abdomen 
. Duration of surgery <4 h 
. Anesthetic: little or no narcotics or other long-acting CNS depressants used before 
or during surgery 
. Epidural morphine dose of 6 mg or less 
Subarachnoid morphine dose of 0.5 mg or less 
or 
B. Postoperative care location provides continuous nursing surveillance 


Q Aapa 





*These are only guidelines. A respiratory monitor may be ordered for any patient at the discretion 
of the operating room anesthesiologist, the acute pain service, or the unit charge nurse. 

Fram Ready LB, Oden R, Chadwick HS, et al: Development of an anesthesiology-based postoper- 
ative pain management service. Anesthesiology 68:100, 1988; with permission. 
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bia, decrease in respiratory rate, decrease in minute volume), without 
necessarily decreasing the analgesic effect of the epidural opioid. At 
rates of infusion over 5 pg/kg/h, however, at least partial reversal of 
analgesia is common. A similar use of a continuous intravenous infusion 
of nalbuphine has been described.* 


Epidural Techniques: Continuous Opioid Infusions 


A continuous epidural infusion of 0.1 mg/h of morphine has been 
shown to improve pain relief and markedly decrease the length of stay 
in the intensive care unit in a group of patients with blunt chest 
trauma.” Sufentanil has also been infused at a rate of 0.1 yg/kg/h by 
high thoracic epidural, with good analgesic effect after thoracotomy.” 

However, there is some question as to whether the main site of 
action of opioid given by continuous infusion is indeed intraspinal at 
all. In one study, the circulating levels of fentanyl were the same and 
pain ratings also were the same whether fentanyl was infused into the 
epidural space or intravenously.” A slow continuous epidural infusion 
may indeed be administering the opioid into just another parenteral 
location. However, there may be a combined effect, in that both 
intraspinal receptors close to the site of injection and other central 
opioid receptors may be involved in the production of analgesia. With 
other agents that are less lipid soluble, such as morphine, less systemic 
absorption may take place, making the intraspinal action more likely to 
be important. 


Epidural Techniques: Combined Local Anesthetic-Opioid 
Infusions 


Combining both types of medication at low doses may give the 
benefits of each without the severity of side effects seen with each 
individual drug used its to full effect. The combination of local anes- 
thetic and opioid for epidural infusion may also be synergistic.’ Contin- 
uous infusions of bupivacaine mixed with either morphine, fentanyl, 
or sufentanil have shown good analgesic results. ** 3 


Subarachnoid and Epidural Techniques: Other Agents 


There are a variety of spinal cord receptors, other than opiate 
receptors, that can produce analgesia when they are activated.® 1 
Clonidine (a synthetic a,-agonist) has been studied in this regard.® ” 
Clonidine appears to have an analgesic effect of its own, as well a 
potentiating effect on the intensity of epidural morphine analgesia.© 
However, clonidine also potentiates respiratory depression from epi- 
dural morphine,® and its epidural administration may be associated 
with hypotension and bradycardia.™ At the present time, its use as an 
analgesic is still investigational. 
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SPECIFIC ANALGESIC TECHNIQUES: SYSTEMIC 
APPROACH 


Medications Used for Sedation 


Benzodiazepines, barbiturates, phenothiazines, and butyrophen- 
ones all have been given in conjunction with opioids.” They should be 
used for anxiolysis, sedation, and production of amnesia, and not for 
analgesia, because they have no analgesic properties. When used for 
anxiolysis, they also may depress consciousness and ventilation so that 
endotracheal intubation and mechanical ventilation are necessary. Their 
main use may well be for patients who will need prolonged ventilatory 
assistance, and in whom sedation will be helpful during the first 24 to 
48 hours postoperatively. They also can be used for anxiolysis during 
painful bedside procedures.* Opioids alone should not be used for 
sedation. 


Systemic Opioid Analgesia 


The traditional approach to opioid administration is the deposition 
of a bolus of drug into a tissue (as an intramuscular or subcutaneous 
injection). The medication is then absorbed and redistributed according 
_ to many variables, which include the blood flow to the tissue in which 
the depot has been placed. This type of administration is not recom- 
mended in the intensive care unit, because perfusion of the muscle and 
subcutaneous tissue can be quite variable in a critically ill patient, so 
absorption can be erratic or delayed. The intravenous use of an opioid 
is therefore preferable to an intramuscular or subcutaneous injection. 

Continuous intravenous infusion of opioid is a relatively simple 
technique and may be preferable to intermittent intravenous bolus 
dosing. Opioids used systemically must be frontloaded to achieve the 
minimum effective analgesic concentration in a reasonable length of 
time. The continuous administration of opioid without frontloading 
will not result in achievement of the minimum effective analgesic 
concentration for at least three elimination half-lives.” Table 5 provides 
some simple guidelines for frontloading opioid drugs.” After frontload- 
ing, a therapeutic blood level of opioid can be maintained by continuous 
infusion. The rate of infusion can be determined by using a fairly 
simple calculation, as follows”: (1) most opioid drugs have an elimi- 
nation half-time of about 3 hours; and (2) the dose required every 3 
hours to maintain the level of analgesia achieved during frontloading 
will be one half the dose required to produce analgesia during frontload- 
ing. For example, a patient requires 12 mg of intravenous morphine 
sulfate to obtain analgesia following a hysterectomy. A continuous 
infusion is to be used: 12 mg/2 = 6 mg eliminated every 3 hours, or 6 
mg/3 h = 2 mg/h required. This approximation tends to underestimate 
the hourly requirement because the elimination half-life is actually less 
than 3 hours. 
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Table 5. GUIDELINES FOR FRONTLOADING 





INTRAVENOUS ANALGESICS 
Total 
Frontload 
Dose 
Drug (mg/kg) Increments Cautions 
Morphine 0.08-0.12 0.03 mg/kg every Histamine effects; nausea; biliary 
10 minutes colic; reduce dose for elderly 
Meperidine 1.0-1.5 0.30 mg/kg every Reduce dose or change drug for 
10 minutes impaired renal function 
Codeine 0.5-1.0 One third of total Nausea 
every 15 minutes 
Methadone 0.08-0.12 0.03 mg/kg every Do not administer maintenance 
15 minutes dose after analgesia achieved; 
accumulation; sedation 
Levorphanol 0.02 50-75 pg/kg every Similar to methadone 
15 minutes 
Hydromorphone 0.02 25-50 pg/kg every Similar to morphine 
10 minutes 
Pentazocine 0.5-1.0 One half of total Psychomimetic effects; may 
every 15 minutes cause withdrawal in narcotic- 
dependent patients 
Nalbuphine 0.08-0.15 0.03 mg/kg every Less psychomimetic effect than 
10 minutes pentazocine; sedation 
Butorphanol 0.02-0.04 0.01 mg/kg every Sedation; psychomimetic effects 
10 minutes like nalbuphine 
Buprenorphine Up to 0.2 One quarter of total | Long-acting like methadone and 


every 10 minutes 


levorphanol; may precipitate 
withdrawal in narcotic- 
dependent patients; safe to 
give subcutaneous 
maintenance after analgesia— 
different from methadone 


If breakthrough pain occurs, a new frontload of opioid must be 
titrated to effect before a new infusion rate is established. Just increasing 
the infusion rate would leave the patient with nontherapeutic levels for 
at least three drug half-lives. 


Patient-Controlled Analgesia 


Patient-controlled analgesia (PCA) is a technique for the adminis- 


tration of small doses of opioid intravenously on a demand basis. Many 
of the same principles apply as were used in determining intravenous 
infusion rates. However, requirements for opioids are highest at the 
beginning of therapy, and even frontloading does not cover all even- 
tualities in this regard. When establishing an upper limit for PCA it is 
best to take into account as much as a fivefold increase in need during 
the early postoperative period." ® Therefore, if one predicts that 2 
mg/h should be infused to maintain the minimum effective analgesic 
concentration for morphine in a particular patient, the 1-hour limit 
should be set at 10 mg/h. Maintenance (demand) doses should generally 
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not exceed 0.02 mg/kg of morphine (or its equivalent) or 1.5 mg of 
morphine per dose in most adult patients. Lockout intervals of 5 to 10 
minutes are the usual and are used to take account of the time required 
for a new concentration to be established at the active site before 
another dose can be given. Breakthrough pain needs to be dealt with 
as with a continuous infusion, in that an additional frontload will be 
necessary before a new prescription is started. 

Overdose is a low-risk problem with PCA because patients tend to 
titrate themselves into the therapeutic range and to keep themselves 
out of the toxic range. Most patients choose not to eliminate pain 
entirely, but instead to maintain a satisfactory level of analgesia that is 
individually determined.* “ * ® If the maintenance (demand) dose is 
overestimated, the patient will become sleepy with each dose and not 
request additional medication. The serum opioid level will drop as he 
or she sleeps. Overdose is a more significant risk if a continuous 
background infusion (basal infusion) is added to PCA. Some machines 
do not allow such background infusion, but if one is used in an effort 
to provide longer pain-free periods, no more than half of the predicted 
hourly requirement should be supplied in this way. Because patients 
do not control the background infusion, accumulation is possible if the 
continuous background infusion is set too high. 

Lack of adequate analgesia with PCA can result from an inadequate 
demand dose, failure of the patient to understand the technique, 
equipment malfunction, or programming errors. Overdose can also 
occur because of equipment malfunction or programming error” or 
because of administration of drug by someone other than the patient. 
This can occur often in pediatric patients for whom PCA becomes 
“parent-controlled” and has been reported once as “‘spouse-controlled”’ 
analgesia.” The very nature of PCA requires that patients be awake 
and cooperative and able to dose themselves on demand. The uncon- 
scious, drowsy, or uncooperative patient is not suitable for this tech- 
nique. It is still unknown whether patients with a history of drug abuse 
can use PCA effectively. 


INFLUENCE OF PAIN CONTROL ON COMPLICATIONS, 
OUTCOME, AND LENGTH OF STAY 


Pulmonary Function and Pulmonary Complications 


The prevention of postoperative pulmonary complications (includ- 
ing atelectasis, lung infections, and arterial hypoxemia) is one of the 
major goals of providing adequate postoperative analgesia. A reduction 
in functional residual capacity is the most important mechanical abnor- 
mality linked to pulmonary complications.’* This leads to atelectasis 
when the functional residual capacity falls below closing volume (the 
lung volume at which small airway closure occurs), which causes 
arterial hypoxemia. Stasis of secretions also occurs, which leads to a 
greater potential for pulmonary infections.® 
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Changing the position of the patient from supine to sitting can 
raise functional residual capacity above the closing volume. Oxygena- 
tion then improves.” The analgesic techniques described in this article 
can allow patients greater mobility. This allows the sitting position to 
be attained earlier, and therefore pulmonary complications from airway 
closure and atelectasis can be avoided. This has been demonstrated in 
morbidly obese patients undergoing gastroplasty.” Fewer pulmonary 
complications resulted with epidural narcotic analgesia, compared with 
traditional intramuscular opioid analgesia, because epidural analgesia 
allowed earlier patient mobility. 

Splinting due to incisional pain definitely decreases function resid- 
ual capacity, and relief of incisional pain partially restores pulmonary 
function. Intercostal nerve blocks have been shown to limit the decrease 
in forced vital capacity and forced expiratory volume in 1 second seen 
after thoracotomy.” This effect has been seen to last for the entire first 
week after thoracotomy.” The use of interpleural bupivacaine analgesia 
has also been shown to limit decreases in forced vital capacity and 
forced expiratory volume in 1 second after cholecystectomy.” The use 
of epidural local anesthetics has been shown to improve forced vital 
capacity relative to control patients after upper abdominal surgery. ” 
Analgesia with epidural morphine gives a significantly smaller decrease 
in forced vital capacity and forced expiratory volume in 1 second than 
is seen in postthoracotomy patients receiving intravenous morphine for 
analgesia.” PCA has been found to produce higher forced vital capac- 
ities in patients after gastric bypass surgery, as compared with tradi- 
tional intramuscular as-needed narcotic regimens." 

There is a strong case to be made that aggressive pain management 
techniques can benefit overall outcome, especially in patients with 
severe chest trauma. One study prospectively evaluated 28 patients 
with multiple rib fractures and compared continuous thoracic epidural 
morphine analgesia with standard morphine parenteral analgesia.” In 
the epidural morphine group there was a significant decrease in 
ventilator-dependent time, intensive care unit stay, hospital stay, and 
a lower incidence of tracheostomy when compared with the control 
group. 

Cna have been made among the various central regional 
analgesic techniques and intramuscular morphine, PCA morphine, and 
continuous infusion morphine.“ * The use of other aggressive analgesic 
techniques appears to provide almost the same prevention of decrease 
in forced vital capacity, forced expiratory volume in 1 second, and 
functional residual capacity as do epidural techniques. Therefore, if 
epidural techniques are contraindicated or technically impossible, the 
other techniques described in this article, if properly applied, may well 
have the same beneficial effect on postoperative pulmonary function. 


Hemodynamic Stability 


Painful stimuli evoke a generalized sympathetic response.” Use of 
analgesic techniques other than major regional anesthesia will not 
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prevent the endocrine and metabolic stress response to surgery.” 
However, there is good evidence that intraoperative use of epidural 
opioids can blunt the sympathetic response following major surgery 
and therefore improve hemodynamic stability. One recent study ex- 
amined the effect of epidural morphine on the incidence of postopera- 
tive hypertension in patients undergoing operations on the abdominal 
aorta.? Once the patients regained normothermia, there was a lower 
incidence of hypertension requiring treatment in the epidural morphine 
group (33%) than in the control group (75%). 


Length of Hospital Stay 


Patients who received only intercostal blocks for analgesia after 
cholecystectomy were found to ambulate more quickly and were dis- 
charged from the hospital sooner than a control group that received 
intramuscular meperidine for analgesia." The use of PCA in posttho- 
racotomy patients was found to shorten the length of hospitalization 
by 22% to 25% when compared with controls who were treated with 
conventionally administered parenteral analgesics.” 7° 


SUMMARY 


An organized treatment plan for providing analgesia in intensive 
care settings can make a significant difference in patient comfort, as 
well as in patient outcome. Advanced analgesic techniques are available 
for use at each level of the pain pathway. These include agents and 
methods that act at the periphery, such as nonsteroidal anti-inflam- 
matory drugs and local anesthetics for infiltration or major nerve block 
or for interpleural block. Techniques that act at the spinal cord level 
include transcutaneous electrical nerve stimulation, subarachnoid 
opioids, and epidural opioids and local anesthetics. Finally, a systemic 
approach can be followed, using opioids parenterally by intravenous 
bolus, intravenous infusion, or PCA. 

Anesthesiologists specially trained in advanced pain management 
are in a unique position to influence the clinical course of critically ill 
patients. Their knowledge of pharmacokinetics, their experience with 
the clinical pharmacology of analgesics, and their knowledge of block 
procedures prepare them, particularly, for aggressive treatment of pain 
in the intensive care setting. 
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COMPLICATIONS OF ACUTE 
PAIN MANAGEMENT 


Richard C. Etches, MD, FRCP(C) 


Historically, the management of acute pain in hospitalized patients 
has been inadequate, with greater than 50% of patients experiencing 
distressing pain.* Since 1980, however, several developments, espe- 
cially patient-controlled analgesia (PCA), spinal opioid analgesia, and 
the concept of the anesthesiology-based acute pain management serv- 
ice, allow the provision of analgesia for many patients that is clearly 
superior to that provided by conventional intramuscular (IM) opioids. 
There is also a growing body of evidence that improved analgesia may 
be associated with less morbidity and mortality and with lower costs 
of hospitalization.°" 5% 5 5% 70, 74 

The traditional management of postoperative pain, IM opioid 
administration, does have the apparent virtue of simplicity. In contrast, 
the safe use of techniques such as PCA and spinal opioid analgesia is 
dependent on specialized training of nursing staff, the availability and 
technical expertise of the interested anesthesiologist, and the reliability 
of complex and expensive electronic infusion pumps. 

This article discusses the complications, including those considered 
side effects and those due to misadventure, of opioid-based acute pain 
management. Side effects include problems that develop despite appro- 
priate technique and drug administration. Misadventure includes prob- 
lems that develop because of errors in technique or drug administration 
and problems associated with equipment failure. 
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COMPLICATIONS 
Side Effects 


Opioids still represent the cornerstone of acute pain management 
in hospitalized patients and may be administered orally, transdermally, 
IM, intravenously (IV) via PCA, or spinally. Regardless of the route of 
administration, an adequate dose of drug will produce good analgesia. 
However, as the dose increases so does the probability of clinically 
significant side effects. These include nausea, vomiting, pruritus, uri- 
nary retention, and CNS depression, especially respiratory depression. 
Other problems that may be significant but are not well studied include 
acute psychiatric disturbances, confusion, dizziness, orthostatic hypo- 
tension, and constipation. 


Nausea and Vomiting 


Nausea and vomiting occur frequently following surgery, especially 
subsequent to procedures performed on the middle or inner ear and 
gastrointestinal tract, with an reported incidence of 20% to 55%.” 
Important contributory factors, apart from opioid administration, in- 
clude pain, hypotension, gastric distension, and motion. Women are 
reported to be two to three times more susceptible to opioid-induced 
postoperative nausea and vomiting than are men.®* * * 

The mechanism of opioid-induced nausea and vomiting has been 
defined: Opioids not only directly stimulate the chemoreceptor trigger 
zone of the brain stem but also may cause decreased gastric emptying 
and hypotension, both potent stimuli of the vomiting center. Delayed 
gastric emptying is due in part to the direct action of opioids at the 
mu- and delta-receptors, which inhibits the acetylcholine-induced 
smooth muscle contraction of the gut. However, inhibition of gastric 
emptying also can be demonstrated by injection of opioids into the CSF 
at the level of the fourth ventricle or spinal cord.” In contrast, pain is 
also a stimulus for nausea and vomiting, and opioids given for the 
relief of pain may be antiemetic.® All opioids in clinical use may produce 
nausea and vomiting, and at equianalgesic doses, there is little evidence 
to favor one over another. However, an individual patient may react 
adversely to one drug and not another.” 

The route of administration does not appear to influence the 
incidence of nausea and vomiting. Three studies that compared epidural 
morphine, 5 mg, to IM and/or intravenous (IV) PCA morphine in 
patients following cesarean section found no difference in the incidence 
of nausea and vomiting between the groups,’* ™% * although in two of 
the studies there was a trend toward greater nausea and vomiting in 
the patients who received epidural morphine.’* % It should be noted 
that many clinicians now administer only 3 to 4 mg of epidural 
morphine following cesarean section, and this smaller dose may be 
associated with fewer symptoms. Rapp et al,” in a large retrospective 
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review of patients undergoing major gynecologic procedures, found 
that nausea and vomiting occurred with a similar frequency in patients 
receiving morphine postoperatively by PCA or epidural catheter; 21% 
and 28%, respectively. In a comparison of IV and epidural fentanyl 
infusions following anterior cruciate ligament repair, Loper et al® found 
no difference in the incidence of nausea: 65% overall. 

The relationship between the dose of opioid administered and 
incidence of nausea and vomiting is not consistent. In patients undergo- 
ing laparotomy for gynecologic procedures, Owen et al compared 
postoperative morphine administered via PCA alone or with a back- 
ground infusion. Pain scores were equivalent, but the group receiving 
PCA and an infusion received twice as much morphine in the first 24 
hours following surgery. Despite the higher morphine demand, this 
group had lower nausea scores and received less antiemetic medication. 
In a similar study of PCA morphine with and without a background 
infusion in patients following cesarean section, Sinatra et al® found no 
difference in morphine requirements between the groups, but patients 
who received PCA with a background infusion had more nausea 
requiring treatment. It is difficult to reconcile these apparently contra- 
dictory data. Following epidural morphine, Stenseth et al® found that 
34% of 1085 patients experienced nausea, and this was not related to 
the total dose administered. However, two studies of the effects of 
intrathecal morphine, one following cesarean section’ and the other 
following transurethral resection of the prostate,“* demonstrated more 
frequent nausea and vomiting as the dose increased. 

Prevention and treatment of postoperative nausea and vomiting 
remains a problem. Prophylactic administration of antiemetics periop- 
eratively is unreliable, associated with significant side effects, and is 
recommended only for selected cases.” Transdermal scopolamine has 
been used prophylactically in patients before the administration of 
epidural morphine. A decrease in the incidence of nausea and vomiting 
was apparent,** * but the frequency of observed side effects, especially 
dry mouth (67%), drowsiness (18%), and disorientation (1%), limits its 
widespread application. Scopolamine should not be used in elderly 
patients because it may cause urinary retention, acute confusion, and 
toxic psychoses.® 

Patients who suffer from nausea, vomiting, or pruritus (see follow- 
ing section) following administration of epidural or intrathecal mor- 
phine often respond well to small doses of naloxone. However, the 
prophylactic administration of opioid antagonists is less successful. 
Naloxone given as a continuous infusion or naltrexone (a long-acting 
opioid antagonist) given orally may decrease nausea and vomiting, but 
are associated with a shorter duration of analgesia and higher pain 
scores following a single dose of epidural or intrathecal morphine.” ” 
Given the added complexity of a continuous infusion of naloxone and 
the protracted effect of naltrexone, it is difficult to justify the prophy- 
lactic administration of these drugs. 

When nausea and vomiting occur, treatment should first be di- 
rected to general supportive measures. Hypotension and hypovolemia, 
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if present, should be corrected, and if the patient is in pain, this should 
be managed with additional analgesics. Consideration then may be 
given to specific antiemetic therapy. The preference of the author is to 
prescribe metoclopramide as a first choice; although extrapyramidal 
side effects and sedation may occur, they are not common. If symptoms 
persist, antihistamines or phenothiazines may be used. Scopolamine, 
first parenterally, then transdermally, is often useful in refractory cases. 
When symptoms are severe and poorly responsive to antiemetic ther- 
apy, one should give early consideration to an alternative opioid. For 
patients who have received epidural or intrathecal opioids, small doses 
of parenteral naloxone may reverse symptoms if these are due primarily 
to the effects of the opioid; however, considering the numerous causes 
of postoperative nausea and vomiting, this approach may be ineffective. 


Pruritus 


Pruritus is associated with epidural or intrathecal opioid use, with 
a reported incidence of from 0% to 100%.* In fact, it is a common side 
effect of opioids regardless of the route of administration. The cause of 
pruritus remains unknown. Pruritus following morphine or meperidine 
administration has been attributed to histamine release, but this cannot 
be a complete explanation. Fentanyl and sufentanil, for example, do 
not release histamine, yet the incidence of pruritus is similar to that for 
morphine. In addition, antihistamines are often ineffective in treating 
pruritus caused by spinal opioid administration, whereas naloxone 
usually provides prompt relief."? Pruritus is common following very 
small doses of intrathecal morphine (0.1-0.25 mg),’ and patients often 
present with facial pruritus several hours after drug administration. 
The extremely small dose implies that the effect is centrally mediated,’ 
and the delayed onset of symptoms is consistent with the time required 
for cephalad spread of the drug within the CSF to the brain stem and 
fourth ventricle.” 

For morphine there is considerable evidence that the incidence and 
severity of pruritus varies depending on the route of administration. 
Pruritus is most frequently a problem when morphine is administered 
epidurally or intrathecally, less so with PCA morphine, and least with 
IM administration’® %% 3. 4. 42 (Table 1). For fentanyl the limited evidence 
suggests that the route of administration is not as important a deter- 
minant of pruritus. In patients who received either IV or epidural 
fentanyl infusions following cesarean section, Ellis et al” found no 
difference in the severity of pruritus when measured using a visual 
analogue scale; however, more patients in the epidural group requested 
treatment for pruritus. In a similarly designed study, Loper et al* 
found no difference in the incidence of pruritus requiring treatment 
when fentanyl was administered IV or epidurally following knee sur- 
gery. 
The relationship between the dose of an opioid and the incidence 
of pruritus is not well documented, but two studies have demonstrated 
a positive correlation following intrathecal’ or epidural* morphine 
administration. These data support the subjective impression of the 
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Table 1. PRURITUS FOLLOWING MORPHINE 


ADMINISTRATION 
Route of Administration 
Reference Pruritus IM PCA Epidural 
Harrison et al® (1988) Present 17 38 73 
Treated 6 11 45 
Eisenach et al” (1988) Present 35 60 85 
Treated 5 5 40 
Daley et al (1990) Present 46 N/A 91 
Treated 15 N/A 40 
Loper and Ready® (1989) Present N/A 35 73 
Treated N/A 17 26 
Loper et al“ (1989) Present N/A N/A N/A 
Treated N/A 4 33 





All values given as percentage of total. 


author and others (GH McMorland, MD, personal communication, 
1990) that for patients who receive epidural morphine following cesar- 
ean section, the incidence and severity of pruritus are less with 3 mg 
than with 5 mg of morphine. 

Pruritus is a particularly common side effect of epidural morphine 
administered after cesarean section. Whether this is specific to cesarean 
section per se or reflects the normal response of young healthy subjects 
is unknown. An unexpected and puzzling finding is the clear associa- 
tion between epidural morphine administration following cesarean 
section and the subsequent appearance of herpes labialis (cold sores). 
Crone et al? found that 22% of such patients who were previously 
seropositive developed herpes labialis 2 to 5 days postoperatively. The 
cause of herpes labialis in these patients is unknown, but it is possible 
that facial pruritus may stimulate reactivation of the virus.” 

Pruritus following administration of IM or IV opioids is usually 
responsive to antihistamines such as hydroxyzine or diphenhy- 
dramine™; this supports the role of histamine release and its effects on 
peripheral nerve endings.” In contrast, the pruritus commonly seen 
following spinal opioid administration is often unresponsive to antihis- 
tamines. Small doses of naloxone (e.g., 40 wg IV or 100-200 ug IM) are 
generally effective in treating the pruritus without reversing the anal- 
gesia. If symptoms reappear, a naloxone infusion is occasionally re- 
quired. Alternatively, oral naltrexone? or IV nalbuphine® may be 
helpful. Prophylactic naloxone infusions have been suggested as a 
method for preventing rather than treating pruritus,” but this is 
generally unnecessary. With the exception of cesarean section patients, 
pruritus is usually mild and the patients do not request treatment, even 
when asked. If treatment is required, one or two doses of naloxone is 
usually sufficient, even after cesarean section. Only a small minority of 
patients require a naloxone infusion. 


422 ETCHES 


Urinary Retention 


Retention of urine after anesthesia and surgery is common and is 
a potential cause of significant postoperative morbidity. Bladder disten- 
sion and subsequent injury may result in persistent problems with 
micturition, and catheterization may result in urinary tract infections 
or, rarely, hematogenous spread of infection to the surgical site. 

Opioids, especially spinal opioids, are an important cause of 
urinary retention in postoperative patients. However, they are not be 
the only cause. Studies in human volunteers have demonstrated that 
IV morphine, 10 mg, has little effect on micturition; voiding is not 
impaired’; and urodynamic studies are almost unchanged.” Yet up to 
40% of patients who receive IM or IV opioids after major surgery suffer 
from retention.” * ® 7° Other contributing factors include pain, seda- 
tion, the supine position, and the anticholinergic effects of drugs such 
as antiemetics. 

The reported incidence of urinary retention following spinal opioid 
administration may be lower than the true incidence; most patient who 
receive epidural opioids have undergone major surgical procedures and 
may therefore have a urinary catheter inserted at the time of surgery. 
Despite this bias, the reported incidence of retention associated with 
spinal morphine is much higher than that for other parenteral routes. 

Bromage et al’ found that urinary retention developed in 9 of 10 
healthy male volunteers who received epidural morphine, 10 mg, and 
six required naloxone to relieve symptoms. Following orthopedic sur- 
gery, the incidence of retention ranges from 48% to 62% when patients 
receive epidural morphine, compared with 12% to 24% when morphine 
or meperidine are given IM or IV.* * © In contrast, retention occurred 
with the same frequency (30%-40%) when patients received fentanyl 
either IV or epidurally after knee surgery”; whether this represents a 
true difference with fentanyl or is an isolated anomaly is unknown. 
Reviewing the charts of 1085 adult patients who had undergone 
thoracotomy, laparotomy, or major orthopedic procedures, Stenseth et 
al® found that the overall incidence of retention was 42% and was 
unrelated to the surgical site. 

It is often suggested that the incidence of postoperative urinary 
retention is increased in elderly men, but this is not supported by the 
literature. Walts et al? found that age and sex did not correlate with 
the need for catheterization following hip arthroplasty regardless of 
analgesic technique (i.e., epidural or IM opioids). However, it is possible 
that elderly men are more prone to develop refractory bladder outlet 
obstruction secondary to repeated or traumatic catheterization. Al- 
though the data are limited, retention appears to occur with a similar 
frequency in children who receive epidural morphine, with a reported 
incidence of 27% to 46%. 

The physiology of micturition is complex. Under normal circum- 
stances the bladder will accommodate 400 mL of urine before the 
voiding phase of the micturition cycle is initiated. Micturition is a 
voluntary act that is subject to cortical inhibition if desired. If micturition 
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is to proceed, several reflex actions occur. First, the pelvic floor muscles, 
normally tonically active and responsible for the maintenance of external 
urethral sphincter tone, relax. The detrusor muscle of the bladder then 
contracts and the bladder empties. This phase is followed by bladder 
relaxation and the return of muscle tone to the pelvic floor. The 
innervation of the bladder, urethra, and pelvic floor is complex. The 
bladder receives its parasympathetic innervation from the sacral plexus 
(52-4) and its sympathetic innervation, mainly B, from the hypogastric 
plexus (T10-L2). The striated (voluntary) muscle of the pelvic floor 
receives its innervation from the pudendal nerve, but the external 
urethral sphincter also has a smooth muscle component with parasym- 
pathetic and sympathetic innervation, mainly «,, similar to the bladder.” 

The neuropharmacologic basis of urinary retention following epi- 
dural or intrathecal opioid administration has not been fully elucidated, 
but recent animal studies clearly demonstrate that the effect occurs at 
the level of the spinal cord. Durant and Yaksh™ studied the effects of 
lumbar intrathecal morphine in unanesthetized rats with chronically 
implanted suprapubic catheters. Within 15 minutes of morphine ad- 
ministration the detrusor muscle relaxed and no further bladder con- 
tractions occurred; the duration of this effect corresponded to the 
duration of analgesia (as measured by tail flick). In addition, bladder 
relaxation was accompanied by an increase in urethral sphincter tone. 
Similar bladder relaxation and loss of micturition reflex following 
spinally administered morphine has been demonstrated in dogs” and 
humans,” and external sphincter tone may also increase in humans.” 
To explain these findings, Durant and Yaksh suggested that intrathecal 
morphine may inhibit primary parasympathetic afferent activity from 
the bladder and inhibit both parasympathetic and somatic outflow to 
the bladder, urethra, and pelvic floor. 

In the absence of spinal opioids, several autonomically active drugs 
have found a place in the management of retention due to poor bladder 
tone or incomplete outlet obstruction. Bethanechol, a cholinergic ago- 
nist, increases bladder tone and is useful in the setting of postoperative 
and postpartum retention.” o-Antagonists, including prazosin and 
phenoxybenzamine, decrease urethral resistance in patients with benign 
prostatic hypertrophy.” The effectiveness of these drugs in the treat- 
ment of opioid-induced retention is uncertain. In human volunteers 
with retention after epidural morphine, 10 mg, bethanechol facilitated 
voiding in only two of six subjects; in two subjects bethanechol caused 
bladder discomfort but did not facilitate voiding and in two the drug 
had no effect.” In a controlled trial phenoxybenzamine was effective in 
preventing retention in patients who received epidural morphine, 4 
mg, after cesarean section. Patients received phenoxybenzamine, 10 
mg orally, 24 and 2 hours preoperatively and 8 and 16 hours postop- 
eratively. Ten percent of treated patients required catheterization, 
compared with 47% of those untreated.” In rats, the dopamine agonist 
apomorphine effectively restored detrusor muscle activity and lowered 
urethral resistance." In humans the use of apomorphine is clearly 
unacceptable because of its potent emetic properties, but it is possible 
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that other dopamine agonists may have a role. Bromocriptine, for 
example, has had limited success in the treatment of some disorders of 
micturition.” Intravenous naloxone is unequivocally effective, but only 
when given in a dose that also reverses the analgesic effects of opioids. 

There is no established pharmacologic approach to the management 
of urinary retention following spinal opioid administration. a-Antago- 
nist drugs may have a role if the cardiovascular side effects are minimal. 
The potential role of bromocriptine is unknown. At present, retention 
is managed by regularly assessing the patient for the presence of 
bladder discomfort or distension, and catheterizing the bladder if 
indicated. Our current policy following major hip and knee surgery, 
regardless of the route of opioid administration, is to perform up to 
two “in-and-out” catheterizations, then insert an indwelling catheter if 
necessary. 


Respiratory Depression 


The subject of postoperative respiratory depression was rarely a 
source of discussion among anesthesiologists until 1979, when the first 
reports of profound respiratory depression following intrathecal and 
epidural opioids began to appear in the literature.” Subsequent research 
has confirmed that some patients who receive spinal opioids will 
develop severe respiratory depression, and many anesthesiologists have 
therefore restricted this route of administration to patients who will be 
continually monitored postoperatively. But the problems associated 
with spinal opioids must be kept in perspective; in particular, one must 
remember that opioids in sufficient dose, by any route of administra- 
tion, will cause potentially life-threatening respiratory depression. 
Therefore, the safety of one technique over another will always be 
relative. To illustrate this point, the author has found only two reports 
of deaths due to opioid-induced respiratory arrest in postoperative 
patients; one associated with oral sustained-release morphine? and 
another associated with PCA.” The author has seen no published 
reports of deaths due to spinal opioid-induced respiratory arrest. 

Postoperative respiratory insufficiency is multifactorial in etiology. 
Centrally, respiration is depressed by opioids and the residual effects 
of anesthetic drugs; however, this may be partially offset by the central 
respiratory stimulant effect of pain. Peripherally, functional residual 
capacity is decreased, ventilation to perfusion mismatch is increased, 
and diaphragmatic function is often impaired. These changes are 
especially severe and persistent after upper abdominal or thoracic 
surgery. Upper abdominal or thoracic pain, if poorly treated, will 
further aggravate respiratory insufficiency. Further respiratory prob- 
lems, especially atelectasis, often develop if the patient is either too 
sore or too sedated to move about or cough. The goals of analgesic 
therapy are to provide effective analgesia yet avoid excessive sedation 
and respiratory depression. 

For several reasons it is difficult to determine the relative frequen- 
cies of clinically significant respiratory depression when comparing 
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spinal opioid administration with PCA, IM, and other routes. To date, 
much of the literature has considered respiratory depression as syn- 
onymous with hypoventilation and a depression of the CO, response 
curve. This definition is somewhat misleading and limited in scope 
because it fails to consider the critical problem of an impaired response 
to hypoxia. From a practical point of view, however, the response to 
CO, may be studied without the ethical constraints that limit the study 
of the hypoxic response in humans. Many studies have incorrectly 
defined respiratory depression as a low respiratory rate; except at its 
exiremes, respiratory rate correlates very poorly with Paco, Also, 
blinded, prospective studies of homogeneous patient populations are 
few; instead, data often come from uncontrolled retrospective chart 
reviews. 

There is no doubt that with adequate doses of opioids, regardless 
of route, we can provide effective analgesia. But when used in a 
prudent manner, does the incidence of clinically significant respiratory 
depression differ between routes of administration, techniques, or 
drugs? For parenteral morphine the incidence of life-threatening respi- 
ratory depression has been cited as 0.9%; this datum is from a retro- 
spective review of 860 patients.” Catley et al’ suggest that potentially 
serious problems occur much more commonly. They found that in the 
first 16 hours following cholecystectomy or hip arthroplasty 10 of 16 
patients receiving IV morphine infusions experienced episodes of pro- 
nounced hemoglobin oxygen desaturation (<80%) for periods of up to 
120 seconds. In contrast, patients who received epidural bupivacaine 
for analgesia did not experience any periods of hemoglobin oxygen 
saturation less than 90%. For PCA, there are no large-scale reviews of 
the subject, but approximately 1% of our patients who have received 
PCA have required naloxone for excessive sedation or proven hypoven- 
tilation. For epidural and intrathecal morphine, the incidence of serious 
problems (excluding problems in the recovery room) is similarly low. 
Rawal et al* found an incidence of 0.36% and 0.09% for intrathecal and 
epidural morphine, respectively. It is noteworthy that the reported 
incidence of serious problems attributable to spinal morphine has 
decreased over the last decade. This may be due to the administration 
of smaller doses and to a greater appreciation of which patients may 
be at risk. On balance, there is little evidence that route of administra- 
tion is an important determinant of risk if the dose of drug is appro- 
priate. Conversely, one wonders how many relatively high-risk patients 
who receive IM morphine as needed on the ward experience potentially 
dangerous hypoxia. 

It has been suggested that the incidence of respiratory depression 
may be less after the epidural administration of highly lipophilic opioids 
such as fentanyl or sufentanil. Because of their rapid uptake by the 
tissues, the cephalad spread of such drugs in the CSF may be less than 
that of morphine, a hydrophilic drug.’ ” However, there are now 
numerous reports in the literature that document both early and late 
respiratory depression following the epidural administration of these 
drugs* © 5” % 6 72 and in this context they confer no proven advantage. 
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The dose of opioid, not lipophilicity, appears to be the more important 
determinant of respiratory depression. 

What patient factors may contribute to postoperative respiratory 
depression? Although this question has not been addressed in the 
context of parenteral administration, it has been studied with respect 
to spinal opioids. Not surprisingly, elderly, debilitated patients, patients 
with preexisting respiratory disease, and those patients who receive 
large or repeated doses are at increased risk. In addition, patients who 
undergo thoracic or upper abdominal surgery may be predisposed to 
respiratory failure. It is reasonable to assume that these risk factors are 
important, regardless of the route of opioid administration. For spinal 
opioids, serious respiratory depression may be more common following 
thoracic epidural opioids, and is definitely associated with the concom- 
itant administration of opioids by other routes.” 


Misadventure 


As pain management has improved over the last decade it has 
become more complex and more dependent on sophisticated technol- 
ogy. With increasing complexity and technologic dependence comes a 
greater potential for errors, accidents, and equipment failure. 

At least one death? and several “near misses’’*” 7 have been 
attributed to operator errors or equipment failure while using PCA 
devices. Operator errors included incorrect programming, failure to 
install a one-way Y connector that allowed the analgesic-containing 
solution to accumulate in the IV tubing, and inadvertent administration 
of a large bolus of opioid when changing the syringe on the PCA 
pump. Equipment failure included apparent pump runaway, pump 
self-triggering, and a cracked preloaded glass syringe that then permit- 
ted simple gravity flow of the opioid solution. These potential problems 
are summarized in Table 2. 

With epidural opioids the major cause of concern has been drug 
errors, either the administration of an overdose” or the administration 


Table 2. POTENTIAL PROBLEMS OF PCA LEADING 
TO OVERDOSE 


Operator errors 
Wrong drug or concentration 
Programming errors 
Improper set-up of syringe and tubing 
Accidental bolus administration during tubing or syringe change 


Patient errors 
Poor comprehension 
Intentional tampering 


Mechanical problems 
Pump runaway 
Siphoning 
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of the wrong drug or diluent.* © Of particular concern is the possibility 
that the epidural catheter port or infusion tubing will be mistaken for 
an IV line. Recent reports describe the placement of indwelling 
interpleural’? and femoral sheath“ catheters for delivery of postopera- 
tive analgesics. With this potential proliferation of catheters in otherwise 
routine postoperative patients, the likelihood of errors must certainly 
increase. To prevent such accidents, the first line of defence is education 
of the medical and nursing staff. Additional measures include the 
elimination of all injection ports and the clear labeling of the epidural 
catheter, injection port, and infusion line. 


PREVENTION OF COMPLICATIONS 
The Acute Pain Service 


Acute pain management has become more complex, and the 
anesthesiologist has become a frequent participant in postoperative 
patient care. As a result, nursing skills and responsibilities have 
changed, and new lines of communication have been established 
between the anesthesiologist and the patient, nurse, and surgeon. 
When serious problems occur, they often indicate deficiencies in ad- 
ministration and organization that have lead to a failure of medical or 
nursing care. A formally structured acute pain service addresses these 
problems of administration and organization. 


Administrative Responsibilities of the Anesthesiologist 


A knowledge of risk factors helps one to identify those patients 
who may require more specialized postoperative care and monitoring, 
but even in the absence of risk factors problems will still occur. To 
provide postoperative analgesia safely and effectively, one must provide 
for the educational needs of the nurses and physicians, develop appro- 
priate policies and procedures, and clearly define the role of the 
anesthesiologist in patient care. These responsibilities are time-consum- 
ing and often frustrating to the anesthesiologist unaccustomed to 
administrative work; however, they are the essential foundation on 
which an acute pain service is built. 


Education 


Without the active support of the nursing staff, acute pain man- 
agement will not be optimal. The first step in enlisting this support is 
to involve the department of nursing in in-service education and policy 
and procedure development. The educational needs of the nursing staff 
will vary depending on the pain management techniques used, but 
some general principles apply. Education should precede clinical appli- 
cation and should include an overview of the relevant anatomy, 
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physiology, pharmacology, and goals of therapy in addition to the 
complications. There should be clear instruction regarding patient 
monitoring and potential problems, and their treatment should be 
objectively defined. The nurses must know who to contact when 
problems arise. 

Physicians also will benefit from additional education. Not all 
anesthesiologists will be familiar and comfortable with PCA or spinal 
opioids, and it is valuable to review such subjects at departmental 
rounds if errors in judgement are to be avoided. Surgical staff should 
understand the goals and limitations of acute pain management tech- 
niques, and there must be a clear understanding between physicians 
as to who is taking responsibility for pain management. This reduces 
the possibility that two physicians will be writing conflicting and 
potentially dangerous orders simultaneously. 


Policies and Procedures 


Medical and nursing policies must be developed that define the 
respective roles of nurses and physicians. For example, will nurses 
administer epidural opioids and if so, how will they be trained? Will 
such a policy be hospital-wide or only on selected wards? Standards 
for patient monitoring must be determined: is it appropriate, in a 
particular hospital, to allow postoperative patients who have received 
epidural morphine to return to the general surgical ward rather than a 
step-down unit? Similar questions apply to PCA. The responsibility of 
the pain management physician versus the surgeon must be clearly 
defined. It is the author’s preference that the acute pain physician 
writes all orders for analgesics, sedatives, and antiemetics until the 
patient can manage on routine oral analgesics that are ordered by the 
surgical staff. 

Nursing policy defines what the nurse may do, and nursing 
procedure describes how it will be done. Nursing procedure dictates 
how a patient is to be monitored and how complications are to be 
managed. In the case of the patient who is receiving epidural opioids, 
nursing procedure describes how top-ups may be administered, what 
respiratory monitoring is required, the care of the epidural catheter, 
and the management of respiratory depression. As pain management 
has become more complex and varied, so have the nurses’ duties. 
Preprinted physicians’ order forms that include recommended moni- 
toring, management of complications, and the pager number of the on- 
call physician and nurse specialist contribute greatly to safe nursing 
care. 


The Role of the Nurse Specialist 


More complicated therapy produces more complicated problems, 
and patients will require attention because of inadequate analgesia, 
complications, or equipment problems. In addition to the pain manage- 
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ment physician, who must always be available, a clinical nurse specialist 
with a commitment to acute pain management is a valuable asset. The 
nurse specialist can assist ward nurses with PCA pump operation and 
answer questions with respect to the care of patients who are receiving 
epidural opioids. In addition, the nurse specialist is often less threat- 
ening to the nursing staff and may therefore be called before errors 
occur or problems develop. 


Opioid-Sparing Strategies 


The primary goal of postoperative pain management is to provide 
good analgesia with minimal side effects. With opioids there is a dose- 
related increase in the incidence and severity of side effects, especially 
respiratory depression, and several strategies exist to decrease the 
amount of opioid required, either as a bolus injection or as a cumulative 
total. 

Most studies of PCA do not demonstrate a lower cumulative dose, 
but PCA may decrease the problem of periodic sedation seen with 
repeated IM bolus injections of opioids. However, most studies show 
little difference in the incidence of side effects when PCA is compared 
with the IM route. Although evidence is lacking, it is likely that the 
side effects of epidural morphine will be less if patients receive smaller, 
more frequent doses. This approach poses considerable practical prob- 
lems unless the nurse may administer epidural morphine. 

Long-acting local anesthetics may decrease or eliminate the need 
for parenteral opioids postoperatively. Techniques include local infiltra- 
tion, interpleural catheters, major nerve or plexus blocks, and epidural 
and caudal analgesia. In obstetrics, fentanyl added to infusions of dilute 
bupivacaine (0.0625%—0.125%) provides improved analgesia for labor, 
with a lower cumulative dose of local anesthetic and less motor 
blockade.™ * Conversely, the addition of low concentrations of local 
anesthetics to epidural opioid infusions may have a significant opioid- 
sparing effect; to date, few data are available. 

Other drugs with significant analgesic effects may reduce postop- 
erative opioid requirements. Some nonsteroidal anti-inflammatory 
drugs including indomethacin,® diclofenac,* and ketorolac® adminis- 
tered rectally, IM, or IV have been shown to reduce parenteral morphine 
requirements by 30% to 60%. Clonidine, an a,-agonist, may have a 
morphine-sparing effect when given parenterally or spinally, but se- 
dation and hypotension are frequent problems.“ Whether the mor- 
phine-sparing effect offsets the added cost and potential side effects of 
these drugs remains to be determined. Even if a marked morphine- 
sparing effect is demonstrated, we still do not know how that will 
affect the incidence and severity of side effects. 


SUMMARY 


Acute pain management is rapidly evolving to become a challeng- 
ing and gratifying subspecialty of anesthesiology that allows the anes- 


430 ETCHES 


thesiologist to extend his or her skills beyond the confines of the 
operating room. But our enthusiasm must be tempered by caution. Do 
the benefits outweigh the costs? There is still only preliminary evidence 
that improved analgesia has a salutary effect on outcome. However, as 
pain management becomes more complex, so too does the management 
and prevention of side effects, errors, and accidents. 

Problems common to opioid use by all routes of administration 
include nausea and vomiting, pruritus, and urinary retention; they are 
rarely dangerous but often distressing to the patient. Much more serious 
is the potential problem of respiratory depression. The overall incidence 
of dangerous respiratory depression is approximately 1%, regardless of 
route of administration, although patients who receive thoracic epidural 
opioids may be at increased risk. Other important factors include the 
general health of the patient, the dose administered, and in the case of 
spinal opioids, the concomitant administration of parenteral opioids. 
Errors in drug administration still account for many of the serious 
problems encountered with PCA and spinal opioid administration. 
With PCA, common errors include improper set up of the syringe and 
tubing and errors in programming. Fortunately, serious technical prob- 
lems with PCA devices are rare. With epidural opioids errors include 
administration of the wrong dose or the wrong drug. 

The first line of defense against serious complications is to provide 
the necessary education and to develop the necessary policies and 
procedures that will permit nurses and physicians to safely care for 
these patients. Strategies directed at reducing or eliminating opioid 
administration are of secondary importance but are potentially exciting 
developments. 

Over the last four decades anesthesiology has progressed and 
matured to the point where it is difficult for the careful and prudent 
anesthesiologist to further improve surgical outcome by changes in the 
intraoperative management of anesthesia. The acute pain management 
service takes us beyond the operating room and provides us with a 
new and exciting opportunity to further improve patient care. The 
challenge is to ensure that the good we do outweighs the harm. 
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NURSING ASPECTS OF ACUTE 
PAIN MANAGEMENT 


Lorie Wild, RN, MN 


Clinical approaches to acute pain management have changed over 
the past decade. New pain management modalities such as epidural 
analgesia and patient-controlled analgesia (PCA) are now. routinely 
available in many clinical settings. The benefits of these new modali- 
ties have been well described in both the medical and nursing litera- 
ture.” > 1 12 18 3 In addition to new modalities of pain management, 
the provision of the service of acute pain management has also changed. 
In many hospital settings, postoperative pain management is managed 
by an anesthesiology-based acute pain service (APS). %7! Also, nurses 
are assuming greater responsibility in ensuring optimum pain control 
for their patients.* * 1*2 The result of increasing interest, specialization, 
and treatment options in acute pain management is improved patient 
outcomes.® 1 % 1% 4 25 The purpose of this article is to explore and 
describe the role of nursing in acute pain management, both at the 
bedside and within an APS. 


THE TEAM APPROACH TO PAIN MANAGEMENT 


For most acute care settings, establishing an APS requires the 
interest and expertise of several disciplines. The acute pain management 
team usually incorporates anesthesiologists and nurses, as well as 
pharmacists, psychologists, and other medical or surgical specialists.” ”° 
This team approach to pain management can prove beneficial to both 
patients and staff. An APS is comprised of professionals with expertise 
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in the assessment and treatment of acute pain. The approach to pain 
management is comprehensive due in part to the individual expertise 
of each of the APS members. The end result of this expertise and 
experience is an individualized pain management plan for each patient. 

Although an APS can benefit patients, they do not provide care in 
isolation. Members of the APS work not only with patients, but also 
with the nurses and the primary physician. Thus, collaborative skills 
are essential. A model of care provided by the APS is shown in Figure 
1. Every person identified in the model must interface with the others 
listed; when communication is strong among them, positive patient 
outcomes result. 


THE ROLE OF THE PRIMARY NURSE 


Pain management is within the purview of nursing practice. Nurs- 
ing is defined as “. . . the diagnosis and treatment of human responses 
to actual or potential health problems.”’ Certainly, pain is one of the 
most profound responses to a health problem and often the chief reason 
individuals seek medical care. The primary care nurse (PCN) assesses 
the patient’s pain, plans for and provides pain-relieving interventions, 
and evaluates the results of those interventions. 

Because the PCN is at the bedside, he or she is at the forefront of 
patient care and is an essential collaborator with the APS. The PCN 
is also the primary interface between the patient, the surgeon or 
other primary physician, and the APS. The PCN can contribute valu- 
able information about the patient and his or her situation that may 





Figure 1. Acute pain service model for care. 
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significantly affect proposed treatment plans by the APS. Communicat- 
ing treatment plans to the PCN also helps ensure that treatment plans, 
especially complex plans, will be carried out as proposed. The PCN 
can also help in translating or reinforcing explanations of the treatment 
plan to the patient and others. 

In most clinical settings, the PCN is responsible for administering 
the pain management plan, monitoring its effectiveness, and commu- 
nicating with the APS regarding any complications or need for changes. 
The PCN is often the one who titrates the therapy or drug to obtain 
the desired analgesic response. This titration could range from admin- 
istration of an intravenous or epidural opioid, to setting up or changing 
dosage parameters on a PCA device, to applying a transcutaneous 
electrical nerve stimulator. The scope of nursing practice with respect 
to specific procedures may vary from hospital to hospital. 


THE ROLE OF THE CLINICAL NURSE SPECIALIST 


In many settings, a clinical nurse specialist (CNS) is an integral 
member of the APS.° * 2 The American Nurses’ Association defines 
a CNS as “. . . a nurse who, through study and supervised practice 
at the graduate level (master’s or doctorate), has become expert in a 
defined area of knowledge and practice in a selected clinical area of 
nursing.””” The application of the CNS role may vary both among and 
within clinical settings, although the defining characteristics of the role 
remain constant (Fig. 2). The primary characteristic of the role of the 
CNS is its focus on clinical practice and the improvement of patient 
care.’ In addition to the role of expert clinical practice are the roles of 
consultation, education, and research. 

The skills and competencies of the CNS can be a valuable asset to 
the APS, especially during its start-up phase. The CNS is skilled as a 
change agent. The very nature of the CNS role is to examine current 
practice, recommend changes where indicated, and implement new or 
altered practice. As pain management undergoes rapid change, the 
CNS facilitates its transition into daily practice by nurses and other 
health care professionals. The CNS is able to explore creative methods 
to introduce new techniques or services such as an APS. 

Another skill germane to the CNS role is that of collaborator.” The 
CNS has well-developed communication and negotiating skills, which 
not only benefit the APS, but also benefit other nurses, physicians, and 
ancillary departments. The CNS is able to represent nursing practice to 
physicians and likewise represent medical practice to nurses.’ Again, 
the collaboration among the various parties involved with pain man- 
agement ultimately benefits patients and their care. 

As a clinical leader, the CNS is a clinical and systems problem 
solver or troubleshooter. He or she helps establish clinical priorities 
that relate to the care of the patient experiencing acute pain. These 
priorities may relate to the care of a specific patient or groups of 
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Figure 2. Defining characteristics of the CNS role. (From Hamric AB: History and overview 
of the CNS role. in Hamric AB, Spross JA, (eds): The Clinical Nurse Specialist in Theory 
and Practice. Philadelphia, WB Saunders, 1989, p 8; with permission.) 


patients. The CNS can assist the PCN or the APS to maneuver through 
the complexities of “the system” and get it to respond. This type of 
systems savvy can be a valuable contribution of the CNS. 

The CNS also serves as a professional role model to staff nurses.” 
Through his or her clinical practice, the CNS for pain management can 
exemplify the priorities associated with promoting comfort in acutely 
ill patients. 

Finally, the CNS possesses skills as a patient advocate.” Through- 
out all of what a CNS does is the goal of improving patient care and 
outcomes. Whether working with the PCN, the APS, or other depart- 
ments, the systems savvy a CNS possesses ultimately assists patients 
in getting what they need to both enhance and hasten their recovery. 
Fenton’ has succinctly summarized the advocacy role of the CNS: “The 
CNS serves as a path finder for those patients whose needs get lost in 
the system.” 


CONSULTATION 


As a clinical expert, the CNS consults with nurses, patients, 
physicians, families, other departments, and institutions regarding 
acute pain management. CNS consultation occurs in a variety of ways. 
Daily APS rounds not only provide an opportunity for contact with 
patients, but also with other health care professionals. The CNS is 
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often the link for continuity of patient care provided by the APS, 
especially in the environment of the teaching hospital. While house 
staff and attending physician coverage may change periodically, the 
CNS can lend an element of constancy with regard to patient care. 

The CNS also consults directly with patients. The CNS can assess 
patients who have complex pain management needs and suggest an 
assortment of analgesic strategies for patients to consider. The pain 
management CNS may also participate in patient care conferences 
where multidisciplinary planning for specific patient care needs are 
addressed. 

Consultation with the PCN by the CNS may address specific 
concerns or problems encountered with a patient’s pain management 
plan. This consultation may range from troubleshooting a PCA pump 
to coordinating a dosing schedule to maximize patient comfort during 
intermittent procedures such as wound care. 

At other times, the CNS consults with small groups of nurses or 
other interdisciplinary groups who have come together to solve prob- 
lems or develop a new idea for pain management. 

Administrative consultation may involve activities such as quality 
assurance, protocol development, and follow-up on risk management 
issues related to acute pain management. The pain management CNS 
is often in a position to consult and collaborate with other departments 
such as pharmacy and materials management for the purpose of 
program planning. Consultation with the pharmacy may involve drug 
supply, new trends in APS practice, or developing preprinted, standard 
orders for new therapies. Regular and formalized collaboration with 
the pharmacy helps ensure that patients and nurses get the medications 
they need safely and in a timely manner. Work with the materials 
management department usually revolves around equipment acquisi- 
tion, availability, and troubleshooting. The CNS may be responsible for 
developing an evaluation plan for new patient care equipment that is 
used by the APS. Again, the CNS’s work with the materials manage- 
ment department ultimately benefits patients by having safe, efficient, 
and usable equipment readily available for their use. 


EDUCATION 


Another key role the CNS has within a pain management program 
is that of education. The pain management CNS may be responsible 
for the education regarding the APS, as well as other generic pain 
management issues. The CNS may coordinate and provide education 
on pain management topics for staff nurses, anesthesiology residents 
and fellows, house staff from other medical services, and other inter- 
ested departments. 

The education provided by the CNS may be either formal or, in 
many cases, informal. The CNS develops and presents many formal 
educational programs for staff. Formalized educational inservices, 
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classes, or workshops address a variety of topics related to pain 
management. Teaching staff about new modalities of pain management 
is a principal thrust. 

The CNS is an educational resource to search for new or additional 
references for staff to facilitate their learning about pain management 
techniques. 

For most CNSs, however, the majority of education that he or she 
provides is informal and takes place on the clinical unit. Typically, 
teaching is specific to a particular patient problem or need. The CNS is 
in a position to give information and share his or her expertise at the 
point of practice. 

In many settings, the CNS is responsible for orienting new nurses 
to the pain management modalities used in their setting or by the APS. 
While orientation of new employees regarding pain management 
by the pain management CNS can be a time-consuming endeavor, 
it is beneficial in the long-term because new nurses are introduced 
to a philosophy of pain management in addition to equipment and 
techriiques. 

Finally, the CNS provides patient education regarding pain man- 
agement. Patient education can also be both formal or informal. For- 
malized preoperative education for patients may be conducted by the 
CNS. But as with nursing education, the majority of patient education 
takes place at the bedside. The CNS is in a position to teach patients 
how they can effectively manage their pain whether they are using a 
PCA device or oral analgesics. 


RESEARCH 


Because the CNS is prepared at the graduate level, he or she has 
training in the conduct and application of research.” * Bringing research 
to the bedside is a critical function of the CNS. Within the research 
role, the CNS reviews, interprets, and communicates current research 
findings in the area of pain management to nursing staff. In addition, 
the CNS uses research findings when working with patients and nurses, 
as well as when developing or revising procedures and protocols for 
pain management. Fostering a pain management practice based in 
research is imperative. 

The CNS often serves as a liaison between nursing staff and the 
APS regarding research protocols. Informing nurses about upcoming 
studies in which they or their patients will be enrolled helps elicit their 
support of the project. When staff understand and support APS 
research, studies can progress more efficiently. The CNS can assist the 
PCN in integrating a research protocol into standard nursing care. 

From another perspective, the CNS collaborates with APS investi- 
gators in devising research protocols that are realistic with regard to 
established patient or nursing routines. The CNS may also be involved 
in other components of a research study such as enrolling subjects, 
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data collection, and disseminating findings. In addition to collaborating 
with other APS researchers, the CNS may initiate his or her own 
research associated with APS clinical activities. 


DEVELOPING THE NURSING ROLE 


As discussed previously, the PCN is the crucial link to optimal 
patient care, especially regarding pain management. In light of this, 
support for the PCN is of paramount importance. Support can take 
many forms: prompt response on the part of the APS to address 
questions raised by the PCN about patients’ pain management needs, 
providing user-friendly, reliable equipment, and clear, practical docu- 
mentation requirements for pain assessment and interventions to name 
just a few. 

The importance of comprehensive educational programs to support 
the PCN should not be underestimated. Basic nursing education intro- 
duces the professional nurse to theory and concepts related to pain 
management. Unfortunately, there is often a gap between the intro- 
duction of new pain management techniques into the clinical setting 
and their incorporation into nursing curriculae. It is hoped that as the 
relationship of new pain management techniques with improved patient 
outcomes strengthens through research findings, this information will 
be incorporated into nursing curriculae.® 

At this time, much of the education regarding specific modalities 
for pain management occurs in the clinical setting or through continuing 
education conferences and workshops. In today’s clinical setting, PCNs 
must keep abreast of numerous new drugs and modalities of pain 
management. Learning to operate new equipment and understand new 
drugs places additional demands on the time of a busy PCN, but 
ultimately benefits patients as they become skilled in their use. Educa- 
tional programs should address the use of the new modality, pertinent 
background or theoretical information, and the nursing management 
of patients who are using the new drug or modality. Safety considera- 
tions are critical in introductory and advanced education programs and 
may include troubleshooting aspects, how to detect problems or com- 
plications associated with the therapy quickly, as well as how to respond 
to problems if they occur. 

Formalized educational programs often employ a “train-the- 
trainer” approach to new pain management modalities. In this ap- 
proach, a few, key nurses from each patient care unit are trained in a 
new technique and are then available as on-unit resources for other 
staff as they begin to learn the technique. Similar to train-the-trainer 
educational programs are those that concentrate on advanced skills to 
develop nurses as unit-based experts in an area of pain management 
such as epidural analgesia or PCA. Many hospitals set up an in-house 
certification program when training staff nurses on new modalities or 
equipment. Clearly, formalized nursing education can occur in a variety 


442 WILD 


of ways. In any case, setting up educational offerings, either prior to 
or simultaneous with the initiation of a new pain management program 
is not just desirable, but is essential to its successful implementation. 

Beyond the initial education of nurses regarding pain management 
modalities is the ongoing need for accessible, updated information. 
Unit-based inservices are often scheduled as updates occur. Creating 
resource files or notebooks on pain management also can be an effective 
means of conveying new information to nursing staff. Other informal 
methods of teaching may include newsletters, fliers, or written remind- 
ers. In our hospital, we have found that poster presentations, which 
travel from unit to unit, depicting the salient points of a various pain 
management topics are a useful and efficient method of communicating 
new information. 

Finally, the orientation of newly hired nurses is needed. Spend- 
ing time in orientation learning about pain management (and the 
APS, if the hospital features this service) introduces these new nurses 
to a philosophy of pain management in addition to equipment and 
techniques. 


SUMMARY 


The role of nursing in the management of acute pain is expanding. 
Historically, just as physicians have been prone to underprescribe 
opioid analgesics for their patients, nurses have been reluctant to 
administer those prescribed doses.* “ As research begins to demonstrate 
the benefits of early and aggressive management of acute postoperative 
pain, care givers, both medical and nursing, have a growing responsi- 
bility to respond by planning and implementing comprehensive pain 
management programs.” Fundamental to the implementation and suc- 
cess of these programs is the education and support for the PCN, who 
is at the bedside. To this end, the role of the CNS within a developed 
APS is beneficial for other nurses, physicians, and most of all patients. 
The prelude for optimal pain management is practitioners skilled in the 
assessment and treatment of patients experiencing acute pain. As 
physicians and nurses work collaboratively in an effort to achieve the 
goal of optimal pain management, patients are sure to benefit. 
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Acetaminophen, for pediatric analgesia, 
367 
Acute pain control. See Pain control, acute. 
Afferent pathways, 221-223 
Agonist-antagonist narcotics, 383. See also 
a,-Agonists. 
Alfentanil, for epidural postoperative 
analgesia, 328 
a,-Agonists, 312-315 
clonidine, 313-315, 330-332, 406 
dexmedetomidine, 315 
for epidural postoperative analgesia, 
330-332 
for preventing urinary retention, 423 
Analgesic agents, systemic. See Systemic 
analgesic agents. 
Analog Chromatic Continuous Scale, 360 
Anti-inflammatory agents, in critically ill 
patients, 398 
nonsteroidal, for pediatric analgesia, 
367-368 
prevention of secondary hyperalgesia, 
214 


Barbiturates, for obstetric pain 
management, 384 
Benzodiazepines, 384, 407 
Brachial plexus block, 350-352, 369, 401 
Bradykinin, pain sensitization caused by, 
251, 253 
Bupivacaine, combined with morphine, 
329-330 
continuous infusion of, 402 
in obstetric pain management, 387 


C-fiber neuropeptides, in central 
sensitization, 219-220, 259-260 
in peripheral sensitization, 213-214 


C-fos proto-oncogene, and central 
sensitization, 262—263 
Calcitonin gene-related peptide, central 
sensitization and, 259-260 
Calcium, intracellular, and central 
sensitization, 260, 262 
Capsaicin, 315-316 
Cellular messengers, and central 
sensitization, 260-262 
Central sensitization, 219-221, 254-263 
causes of, 219-220 
of dorsal horn neurons, 255-263 
alterations in flexion reflexes, 257 
animal models of persistent pain, 
257-259 
cellular messengers and, 260-262 
molecular events and, 262-263 
neurochemical mediators of sensitiza- 
tion, 259-260 
receptive field expansion, 255-257 
prevention of, 220-221 
as a result of tissue injury, 254-263 
Cervical plexus block, in infants and 
children, 368 
Chloroprocaine, for obstetric pain 
management, 387-388 
Clonidine, 313-315, 330-332, 406 
Codeine, for pediatric analgesia, 365-366 
Convulsions, caused by regional 
analgesia, 390 : 
Critically ill patients, pain control in, 
assessing the patient’s pain, 397-398 
complications, 409-410 
hemodynamic stability, 410-411 
length of hospital stay, 411 
local anesthetic techniques, 399-401 
nonsteroidal anti-inflammatory agents, 
398 
pain-related behavior, 395-396 
regional blocks, 399-401 
spinal analgesia, 401-406 
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Critically ill patients (Continued) 

epidural or subarachnoid blocks, 401- 
406 

transcutaneous electrical nerve 
stimulation, 401 

systemic analgesia, 407-411 
opioids, 407-409 
sedation, 407 


Descriptor Differential Scale, 239, 240 
Dexmedetomidine, 315 
Dezocine, 299-307 
abuse potential, 300-302 
adverse effects, 307 
analgesic activity, 302-303 
cardiovascular effects, 305 
clinical trials, 305-307 
increased analgesia following morphine 
administration, 304—305 
pharmacokinetics, 302 
respiratory effects, 303-305 
Dorsal horn neurons, 217-221 
central sensitization of, 219-221 
alterations in flexion reflexes, 257 
animal models of persistent pain, 
257-259 
causes of, 219-220 
cellular messengers and, 260-262 
clinical significance, 220-221 
molecular events and, 262-263 
neurochemical mediators of sensitiza- 
tion, 259-260 
receptive field expansion, 255-257 
classes of neurons responsive to noci- 
ceptive stimuli, 217-218 
organization of, 217-218 
spinal afferent processing, 218-219 
wide dynamic range (WDR) neurons, 
218-219 


EMLA cream, 361, 363 
Epidural analgesia, in critically ill patients, 
402-406 
catheter placement, 402 
combined local anesthetic-opioid 
infusions, 406 
continuous local anesthetic, 402 
continuous opioid infusions, 406 ` 
opioids alone, 403—406 
other agents, 406 
in infants and children, 371-372 
for obstetric pain management, 385-389 
choice of local anesthetic, 387-388 
contraindications, 389 
management, 388-389 


postoperative, 321-337 
alfentanil, 328 
a,agonists, 330-332 
fentanyl, 326-327 
local anesthetics, 321-324 
meperidine, 325-326 
morphine, 324-325 
narcotic agonist-antagonists, 328-329 
opioid-local anesthetic combinations, 
329-332 
opioids, 324-328 
sufentanil, 327-328 
Epinephrine, effect on local anesthetics, 
349 
Eutectic mixture of local anesthetic 
(EMLA) cream, 361, 363 


Fentanyl. See also Transdermal therapeutic 
system (TTS)-fentanyl. 
for epidural postoperative analgesia, 
326-327 
for obstetric pain management, 382 
for pediatric analgesia, 364-365 


_ Flexion reflexes, alterations in, 257 


Glutamate, and central sensitization, 259~ 
260 


Hemodynamic stability, after epidural 
opioids, 410-411 
Histamine, as cause of pain sensitization, 
251, 253, 254 
Hyperalgesia, secondary, caused by 
inflammatory peptides, 214 
following tissue injury, 248 
preventing, 214 
spread by central sensitization, 254-255 
Hypotension, secondary to analgesia, 390, 
402, 404 


Ilioinguinal/iliohypogastric block, 369-370 

Indomethacin, for pediatric analgesia, 367 

Infants and Children, pain control in. See 
Pediatric pain control. 

Inflammation, 248 

and pain sensitization, 251~-254 

Inhalational analgesia, for obstetric pain 
management, 381-382 

Intensive care patients. See Critically ill 
patients, pain control in. 

Intercostal nerve blocks, 344-346, 369, 
399—400 


Interpleural analgesia, in critically ill 
patients, 400-401 
in infants and children, 368-369 
regional block techniques, 346-350 
Intravenous regional block, in infants and 
children, 369 


Ketamine, for obstetric pain management, 
384 
Ketorolac, 307-312, 367-368 


Lidocaine, for obstetric pain management, 
387 
Local anesthetics, in critically ill patients, 
399-401 
effect of epinephrine, 349 
for epidural analgesia, 321-324 
combined with opioids, 329-332, 406 
hyperalgesia delayed by, 252 
in infants and children, 368 
for wound infiltration, 340-342, 399 
Local nerve blocks. See Regional and local 
blocks. 
Lumbar plexus block, in infants and 
children, 370 


McGill Pain Questionnaire, 232-239 
McGill Pain Questionnaire, short-form, 
239, 240, 398 
Measurement of pain, 229-246 
Analog Chromatic Continuous Scale, 
360 
behavioral measures, 241-242 
Children’s Comprehensive Pain Ques- 
tionnaire, 360 
Children’s Hospital of Eastern Ontario 
Pain Scale, 360 
Descriptor Differential Scale, 239, 240 
dimensions of pain experience, 229-230 
language descriptive of pain, 230-231 
McGill Pain Questionnaire, 232-239 
physiologic measures, 242 
short-form McGill Pain Questionnaire, 
239, 240, 398 
visual analogue scales (VAS), 231-232, 
397 
Meperidine, for epidural postoperative 
analgesia, 325-326 
for obstetric pain management, 382 
Methadone, for pediatric analgesia, 365 
Morphine, and enhancement of analgesic 
effects of dezocine, 304-305 
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for epidural postoperative analgesia, 
324-325 

for obstetric pain management, 382, 
391-392 

for pediatric analgesia, 364 


Naloxone, for reversing side effects of 
opioids, 419, 420, 421, 424 
Narcotic agonist-antagonists, for epidural 
postoperative analgesia, 328-329 
Narcotics. See Opioids. 
Nausea and vomiting, secondary to 
opioids, 418-420 
Neurologic injury, caused by regional 
analgesia, 390-391 
Neuropeptides. See C-fiber neuropeptides. 
Nitrous oxide, in infants and children, 362 
Nociception, defined, 211, 396 
Nociceptors, characteristics of, 212 
mechanonociceptors, 212-213 
noncutaneous nociceptors, 216 
peripheral receptors, 211-216 
polymodal nociceptors, 213 
sensitization after tissue injury, 248-250 
Noncutaneous nociceptors, 216 
Nursing aspects of acute pain 
management, 435-443 
developing the nursing role, 441-442 
education for pain management, 427— 
428 
primary care nurses, 433-437 
role of nurse specialist, 428-429, 437— 
441 
team approach to pain management, 
435-436 


Obstetric pain management, 379-394 

complications of regional analgesia, 
390-391 

inhalational analgesia, 381-382 

ketamine, 384 

labor pain pathways, 380 

lumbar epidural analgesia, 385-389 

narcotics, 383 

paracervical block, 389 

psychoprophylaxis, 380 

pudendal block, 390 

regional analgesia, 384-391 

sedatives and tranquilizers, 384 

spinal narcotics, 391-392 

systemic medication, 382-384 

transcutaneous electrical nerve stimula- 
tion, 380-381 
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Opioids. See also Patient-controlled 
analgesia (PCA); Transdermal therapeutic 
system (TTS)-fentanyl. 

administration of, continuous intrave- 
nous infusions, 289, 407—408 
oral mucosal administration, 271-273 
rectal administration, 273-274 
transdermal administration, 274-284 
complications of, 417-433 
due to equipment failure, 426-427 
hospital acute pain service for pre- 
vention of, 427-429 
nausea and vomiting, 418-420 
opioid-sparing strategies, 429 
prevention of, 427-429 
pruritus, 420-421 
respiratory depression, 424-426 
urinary retention, 422-424 
epidural, in critically ill patients, com- 
bined local anesthetic-opioid infu- 
sions, 406 
continuous infusion, 406 
intermittent doses, 403-406 
side effects, 404-406 
for epidural postoperative analgesia, 
324-328 
alfentanil, 328 
combined with local anesthetics, 329- 
332 
fentanyl, 326-327 
meperidine, 325-326 
morphine, 324-325 
sufentanil, 327-328 
for obstetric pain management, 382 
agonist-antagonist narcotics, 382 
epidural administration, 391-392 
fentanyl, 382 
meperidine, 382 
morphine, 382 
for pediatric analgesia, 364-366 
codeine, 365-366 
fentanyl, 364-365 
methadone, 365 
morphine, 364 
sufentanil, 365 
subarachnoid administration, 401-402 

Opioids of, administration, 271-286, 407- 
409 

Oral mucosal administration of opioids, 
271-273 


Pain control, acute, administration of 
opioids for, 271-286 
oral mucosal administration, 271-273 
rectal administration, 273-274 
transdermal administration, 274-284 


complications of opioid analgesia, 417- 
433 
misadventure (equipment failure), 
426-427 


prevention of complications, 427-429 
side effects, 418-426 
in critically ill patients, 395-415 
assessing the patient’s pain, 397-398 
local anesthesia and regional blocks, 
399-401 
nonsteroidal anti-inflammatory 
agents, 398 
pain-related behavior, 395-396 
related to complications, outcome, 
and length of stay, 409-411 
spinal anesthesia, 401—406 
systemic analgesia, 407—411 
in infants and children, 359-378 
acute pain in sickle cell disease, 372 
nonopioid analgesics, 367 
nonsteroidal anti-inflammatory drugs, 
367-368 
opioid analgesics, 364-366 
pain assessment, 359-360 
pain associated with procedures, 361- 
363 
patient-controlled analgesia, 366-367 
perioperative acute pain, 363-364 
regional blockade, 368-372 
treatment, 361-372 
measurement of pain, 229-246 
behavioral measures, 241-242 
Descriptor Differential Scale, 239, 240 
dimensions of pain experience, 229- 
230 
language descriptive of pain, 230-231 
McGill Pain Questionnaire, 232~239 
physiologic measures, 242 
short-form McGill Pain Question- 
naire, 239, 240 
visual analogue scales (VAS), 231-232 
new systemic analgesic agents, 299-320 
a,-agonists, 312-315 
capsaicin, 315-316 
clonidine, 313-315 
dexmedetomidine, 315 
dezacine, 299-307 
ketorolac, 307-312 
nursing aspects, 435-443 
clinical nurse specialist and, 437-441 
development of the nursing role, 
441-44) 
primary nurse’s role, 436-437 
team approach to pain management, 
435-436 
obstetric pain management, 379-394 
inhalational analgesia, 381-382 
labor pain pathways, 380 
psychoprophylaxis, 380 


regional analgesia, 384-391 
spinal narcotics, 391-392 
systemic medication, 382-384 
transcutaneous electrical nerve stimu- 
lation, 380-381 
pain reception and processing, 211-228 
afferent pathways, 221-223 
dorsal horn and afferent processing, 
217-221 
origins of pain, 211 
peripheral receptors, 211-216 
patient-controlled analgesia, 287-298 
historical perspective, 287-288 
intravenous patient-controlled analge- 
sia, 291-296 
traditional analgesic regimes, 288-291 
physiologic consequences of tissue in- 
jury, 247-269 
alterations in flexion reflexes, 257 
animal models of persistent pain, 
257-259 
central effects, 254-263 
central sensitization, 259-263 
neurogenic inflammation, 251-254 
nociceptor sensitization, 248-250 
pain-producing substances, 250-251 
peripheral effects, 248-254 
receptive field expansion, 255-257 
sensitization of dorsal horn neurons, 
255-263 
postoperative epidural analgesia, 321- 
337 
alfentanil, 328 
a,-agonists, 330-332 
fentanyl, 326-327 
local anesthetics, 321-324 
meperidine, 325-326 
morphine, 324-325 
narcotic agonist-antagonists, 328-329 
opioid-local anesthetic combinations, 
329-332 
opioids, 324-328 
sufentanil, 327-328 
regional and local blocks, 339-357 
brachial plexus block, 350-352 
future developments, 352 
intercostal nerve blocks, 344-346 
interpleural analgesia, 346-350 
local anesthetic wound infiltration, 
340-342 
peripheral nerve blocks, 342-344 
Paracervical block, 389 
Paravertebral block, 400 
Patient-controlled analgesia (PCA), 287- 
298 
in critically ill patients, 408-409 
definition of PCA modes and dosing, 
291 
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educational and attitudinal problems, 
290-291 
historical perspective, 287-288 
individual analgesic requirements, 291- 
294 
in infants and children, 366-367 
intravenous patient-controlled analge- 
sia, 291-296 
minimal effective analgesic concentra- 
tion (MEAC), 288-289 
in obstetric pain management, 389 
PCA paradigm, 288-290 
pharmacodynamic factors, 292-293 
pharmacokinetic factors, 292 
psychologic factors, 293-294 
safety and problems, 294-296, 409, 426- 
427 
traditional analgesic regimens, 288-291 
Pediatric pain control, 359-378 
acute pain in sickle cell disease, 372 
nonopioid analgesics, 367 
nonsteroidal anti-inflammatory drugs, 
367-368 
opioid analgesics, 364-366 
oral administration or opioids, 272 
pain assessment, 359-360 
pain associated with procedures, 361- 
363 
patient-controlled analgesia, 366-367 
perioperative acute pain, 363-364 
regional blockade, 368-372 
treatment, 361-372 
Penile block, in infants and children, 370 
Peripheral nerve blocks, 342-344 
Peripheral receptors, 211-213 
Peripheral sensitization, 213-216, 248-254 
neurogenic inflammation, 251-254 
nociceptor sensitization, 248-250 
pain-producing substances, 250-251 
Persistent pain, animal models of, 257- 
259 
Phantom limb pain, 257-259 
Phenothiazines, for obstetric pain 
management, 384 
Phenoxybenzamine, 423 
Physiologic consequences of tissue injury, 
247-269 
alterations in flexion reflexes, 257 
animal models of persistent pain, 257— 
259 
central effects, 254-263 
central sensitization, 259-263 
neurogenic inflammation, 251-254 
nociceptor sensitization, 248-250 
pain-producing substances, 250-251 
peripheral effects, 248-254 
receptive field expansion, 255-257 
sensitization of dorsal horn neurons, 
255-263 


450 INDEX 


Postdural puncture headache, 391 

Potassium, as cause of pain sensitization, 
251, 253 

Prostaglandins, as cause of pain 
sensitization, 251, 254 

Protein kinases, and central sensitization, 
260, 261 

Proto-oncogenes, and central 
sensitization, 262-263 

Prutitus, secondary to opioids, 420-421 

Pudendal block, for obstetric pain 
management, 390 

Pulmonary function/complications, 
preventing, 409-410 


Receptors. See Nociceptors; Peripheral 
` receptors, 
Rectal administration of opioids, 273-274 
Regional and local blocks, 339-357 
brachial plexus block, 350-352, 369, 401 
cervical plexus block, 368 
complications, 390-391 
in critically ill patients, 399—401 
epidural, in infants and children, 371- 
372 
femoral nerve block, 370 
future developments, 352 
iliocinguinal/iliohypogastric block, 369- 
370 


in infants and children, 368-372 
intercostal nerve blocks, 344-346, 369, 
399—400 
interpleural analgesia, 346-350, 368- 
369, 400-401 

intravenous regional block, 369 

local anesthetic, 340-342, 368, 399 

lumbar epidural analgesia, 385-389 

lumbar plexus block, 370 

for obstetric pain management, 384-391 

paracervical block, 389 

paravertebral block, 400-401 

penile block, 370 

peripheral nerve blocks, 342-344 

principles, 384-385 

pudendal block, 390 

sciatic nerve block, 370 

Respiratory effects or depression, 

secondary to analgesia, clonidine, 
314-315 

dezocine, 303-305 

ketorolac, 310 

opioids, 404-406, 424-426 

TTS-fentanyl therapy, 278, 279, 283 

Ropivacaine, for obstetric pain 

management, 387-388 


Sciatic nerve block, in infants and 
children, 370 
Second messenger systems, and central 
sensitization, 260-262 
Sedatives, in critically-ill patients, 407 
for obstetric pain management, 384 
Sensitization. See Central sensitization; 
Peripheral sensitization. 
Serotonin, pain sensitization caused by, 
251 
Sickle cell disease, acute pain in, 372 
Subarachnoid administration, of opioids, 
401-402 
of other agents, 406 
Substance P, and neural sensitization, 
214, 253-254, 259-260 
Sufentanil, for epidural postoperative 
analgesia, 327—328 
for pediatric analgesia, 365 
Systemic analgesic agents, 299-320 
a,-agonists, 312-315 
capsaicin, 315-316 
clonidine, 313-315 
dexmedetomidine, 315 
dezocine, 299-307 
ketorolac, 307-312 
opioids, 407—409 
sedatives, 407 


Third messenger systems, and central 
sensitization, 262-263 
Tissue injury. See Physiologic consequences 
of tissue injury. 
Tranquilizers, for obstetric pain 
management, 384 
Transcutaneous electrical nerve 
stimulation, 380-381, 401 
Transdermal therapeutic system (TTS)- 
fentanyl, 274-284 
advantages and disadvantages, 274-275 
analgesic effects, 277-282 
arterial blood gas measurements dur- 
ing, 280 
comparative studies, 277-279, 282 
pharmacokinetics, 276-277 
respiratory depression, 278, 279, 283 
schematic of membrane permeation sys- 
tem, 275 
side effects, 278-279 
visual analogue scale measurement, 
280-281 


Urinary retention, secondary to opioids, 
422-424 
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VAS. See visual analogue scales (VAS). Wide dynamic range (WDR) neurons, 
Visceral pain, 216 218-219 
Visual analogue scales (VAS), 231-232, Wound infiltration by local anesthetics, 
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